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MPF - A GENERALIZED PROGRAM FOR SOLVING NONLINEAR

TWO-POINT BOUNDARY VALUE PROBLEMS

By
J. M. Lewallen!
S. D. Williams?

SUMMARY

This report documents a numerical perturbation
method that has had impressive success in solving the

nonlinear two-point boundary value problem.

Many practical engineering problems are reduced
mathematically to the nonlinear two-point boundary value
problem. These problems arise quite naturally in areas
of vibration, heat transfer, wave propagation, fiuid“
mechanics, trajectory analysis and optimization theory.
The method developed here requires the problem to be
presented in terms of first-order, ordinary, differential
equations with an adequate number of specified boundary
conditions. The terminal conditions may be general
functions of the problem variables. Several different
convergence procedures are available for the user. With
proper application, the chances are excellent that con-
vergence may be achieved with only one computer run. If
convergence has not been achieved, the information for
a restart is provided automatically.

This routine is made available by the Theory and
Analysis Office of the Computation and Analysis Division.
The routine is' generated in an effort to provide MSC

engineers and contractor personnel with a proven method

Manned Spacecraft Center, Houston, Texas
Lockheed Electronics Company, Houston, Texas
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for solving a popular class of mathematical problems.
The purpose of this program is to reduce both the
programming and computer time for the user, while main-
taining the convenience of a general program. Office
personnel will be available for consultation involving
implementation of this program to the users problem.
The authors would appreciate comments and suggestions

that would improve the program.
INTRODUCTION

In analyzing scientific and engineering systems, it
is often necessary to solve a nonlinear two-poiht
boundary -value problem. These problems arise naturally
in the areas of vibration, heat transfer, wave propa-
gation, fluid mechanics, trajectory analysis, and
optimization theory. The equations that describe these
dynamic systems are a set of first-order, nonlinear,
ordinary differential equations (or may be put into this
form). If n differential equations are involved,

n + 2 boundary conditions must be specified. Assume
that n initial values of the n dependent variables,
the initial time, and the terminal time are given. In
this case, straight forward numerical integration methods
will yield a solution. If p (p < n) initial dependent
variables are specified at the initial time and

q (p + g = n) terminal dependent variables are specified
at the terminal time, there is not a simple approach

to the solution. Recourse is usually made(to iterative
methods. | ‘

Attempts to solve this split end-condition problem
have been made for years, but until the advent of the
high-speed digital computer most methods were considered

impractical. In recent years, several efficient methods
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have been implemented successfully. In 1963,
Breakweil, Speyer and Bryson(l) proposed a method which
considers trajectories perturbed from some reference
path. These perturbed trajectories are generated when
certain initial conditions are varied. After assuming
the unknown initial conditions, each iteration produces
corrections for the unknown initial conditions such
that the terminal constraint error is reduced. Similar
méthods, considered here as perturbation methods, have
been proposed by Jurovics and McIntyre(z)
In 1964, McGill and Kenneth(q) proposed the generalized
Newton-Raphson method. Although this method has some

(3)

and Jazwinski.

distinct advantages over the perturbation methods, a
detailed consideration of the method will not be made
here. Similar methods have been proposed by Merriam(s),
Sylvester and Meyer(e) and Roberts and Shipman(7). An
extensive comparison of some of the perturbation and
quasilin?a§ization methods has been made by Tapley and

8
convergence rates have been proposed by Lewallen, Tapley
and Williams(g).

Lewallen and several innovations to accelerate

THEORETICAL DEVELOPMENT

The problem is formulated in terms of a nonlinear,

ordinary, first-order vector differential equation

z = F(z,t) (1)

where z is an n-vector and t is the independent
variable time. If the initial time is specified, n + 1

boundary conditions are required for solution.



Suppose that p (p < n) of the initial dependent variables
are specified at the known initial time and that q + 1
(p + q = n) relations

h(zf,tf) = 0 (2)

are specified at the unknown terminal time. Since p of
the initial variables are specified, it becomes conven-
ient to arrange and partition the n -vector of initial
conditions as

|
2 (tg) = [xT(to) :\AT(to)] (3)

where the vector x(to) is composed of the p known
initial conditions and the vector X(to) is composed of

the q wunknown initial conditionmns.

If Equation (1) is expanded in a Taylor's series

.th
i

about some reference trajectory, say the approx-

imation to the correct solution, then

L] _ ® aF _
Zig1 = %3 0* [a—z-]l [zi+1 zi]+ (4)

If the notation 6z = z z. 1is used, and only

i+l © %i
linear terms in the expression are retained, the linear

perturbation equation is seen to be

= oF _
§z = &Eﬂ §z = A8z (5)

where the matrix A = [BF/az] is evaluated on the ith

trajectory.



In a similar manner, Equation (2) may be expanded about
the terminal constraints associated with the ith
trajectory. If terms higher than the first in dzf

and dtf are neglected, the result may be expressed as

_ oh oh

Considering the effect of a variation in the terminal

time leads to

dz = Sz, +

£ dtf (7)

If this condition is substituted into Equation (6), the

result becomes

_ oh °
dh = [52] GZf + h dtf (8)

where '[Bh/az] and h are evaluated at the terminal
point for the ith  approximation. If the terminal state
variations can be expressed in terms of the initial state

variations (i.e., sz = 1 Gzo), Equation (8) becomes.

_ oh ‘ :
dh = [gz]f I ézo + h dtf (9)

where 1T is an n x n matrix to be developed.



The method of perturbation functions (MPF) uses the
perturbation equation, Equation (5), to generate a
matrix of perturbation solutions. This is accomplished
by integrating Equation (5) forward n times with the
starting conditions

Latg) = [azl(to), ..... , 82 (to)] - 1 (10)

where I is the n x n wunity matrix. The solution may
be represented by

§z(t) = S(t,to) 8z (t,) (11)
where it is easily seen that I = % and that Equation
(9) becomes

an = || Fee,,t) sz + hoat (12)
9z £ £f’7o o} £

The problem may be simplified and the computational
efficiency increased by partitioning the vector 620
as shown in Equation (3). This requires partitioning the
matrix & such that

dh = |3B| v :®] ol fd (13)
- ezl | 53, te

where ¥ is an n x p matrix and ® is an n x q
matrix. Since the p initial values of x, are specified,

Gxo = 0, then Equation (13) reduces to

. [on :
dh = [az]f o(te,t)) 61, + h dtg (14)



where

oty ,t,) = [ (15)

The linear algebraic equation, Equation (14), represents
g + 1 scalar equations in the q + 1 unknowns SAO
and dtf 3 i.e.,

y = C-ldh (16)

where yT = {?XEE dtf} and C = {[%%} o) Eh} . The
computational efficiency is increased because the
@(tf,to) matrix requires only g vectors to be inte-
grated rather than the n vectors required to generate
@(tf,to) . The correction equation, Equation (16),
requires the specification of a desired change in
terminal error, dh . The philosophy associated with
this correction is described in detail in Reference 9

and will be discussed briefly here.

The two major assumptions that have been made in
this development are the linearization of both the differ-
ential equations and the terminal constraints. This
linearization will not present severe limitations if
successive trajectory iterations are near one another;
i.e., the linearization assumptions are not stretched
beyond the limits of validity. Hence, the Normal
Correction Procedure of requesting that the change in

terminal error, dh, for the next iteration equal the
negative of the error, -h, on the last iteration may

be too severé. In this case, divergence could occur.



To avoid this possibility, a Fractional Correction
Procedure may be employed such that

dh = - ch (17)

where 0 < c < 1.0 . Reference 9 also discusses the
Minimum Norm Correction Procedure which allows each
element of the h vector to have a different weight.

Briefly, this procedure uses corrections obtained from
either

y = -[CT C o+ BI}—ICT h (18)
or

Ty 9

y = -[ T ¢+ o diagch Cﬂ e
depending on which procedure is to be used. The B
and o are parameters which describe the relation
between gradient dominated corrections and Newton-
ﬁaphson dominated corrections. The'Stepped—B and
-0, procedures use Equation (18) or (19) until the
terminal norm is less than some prespecified value, vy .
When this occurs, the Normal Correction Procedure is used
to achieve convergence. When the Variable - 8 and
- o procedures are being used, the parameters

B and o are redefined on each iteration by

i Inl *
B = B, [ﬁiﬁﬁag (20)



and

where B

"0’

BE
“o | e (21)

o, “and o are chosen by the user.

The computation procedure for MPF is as follows:

(1)

(2)

(3)

(4)

(5)

Arrange the n differential equations,
Equation (1), such that the p equations
having the specified initial conditions
occur first.

Integrate Equation (1) forward with the

~p known initial conditions and q

"assumed initial conditions. A terminal

time, te » must be assumed to terminate

the integration.

~Simultaneously with (2) above, Equation

(5) must be integrated q times with the

initial conditions shown in Equation (15).

This results in the matrix ®(tf,to).
The matrix [BF/BZ] is formed from the
trajectory generated in (2).

When the terminal time is reached, [Sh/az]
and h must be evaluated, and dh must be
selected.

The q + 1 w@algebraic equations, Equation
(14), are solved for the q + 1 corrections
BXO and dtf . One of the correction

procedures must be chosen at this time.



(6) These corrections are applied to the assumed
values of Ao and te and the iterative
procedure is repeated.

(7) 1Iterations are continued until either the
corrections become sufficiently small or
the terminal constraints are adequately
satisfied.

DESCRIPTION OF THE PROGRAM

In this section, reference is made frequently to the
variables introduced in the theoretical development
section. To avoid ambiguity, program variables will be
capitalized as will be subroutine names. For further
clarity, parenthesis will be used to distinguish the
program variable associated with the variable introduced
in the theory.

MAIN

MAIN is the main program. It initializes data storage,
and acts as a driver for various subprograms.

The program first transfers control to the subroutine
(F5) that reads in the plotting labels.

The next step is to initialize the clock routine
(RESET). The program then transfers control to the
general input routine (F6) which reads all the information

necessary to run a case. The initial data are saved to
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restart from the same trial point with a different
correction, if necessary (see CONVRG).

The card punch routine (CRDPCH) is called and the
initial conditions of the n dependent variables,
the beginning time, the final time, and the maximum norm
of the terminal constraints are punched on cards compat-
ible for a continuing run, if desired.

The clock routine (TIME) is called and the compu-
tational time is calculated in seconds. The initial-
ization routine (F7) is called to establish the initial
conditions for the differential equations and the pertur-
bation equations. The print routine (FPRNT) is called
twice; once for the printing of the clock time, and once
for the printing of the initial conditions, if desired.
The plot storage routine (FPLEW) is called to plot the
initial conditions.

The integration routine (INTEG) is called and the n
first-order differential equations are integrated forward.
Simultaneously, the perturbation equations are integrated
forward with the proper starting conditions. The print
routine (FPRNT) and the plot storage routine (FPLEW) are
called and the terminal conditions are printed and plotted,
if desired. The clock routine (TIME) is called and the
elasped time is calculated in seconds. The print routine
is called to print the computational time required for
the integration, if desired.

The convergence routine (CONVRG) and the plot routine
(FPLOT) are called, and the desired graphs for the current
iteration are plotted. If convergence has not been achieved,
the next iteration is started. If convergence has been

11



achieved, the clock routine (TIME) is called and the total
execution time is calculated in seconds. The print routine
(FPRNT) is called to print the total time required for this
case, if desired. The plot routine (FPLOT) is called and
the desired graphs are generated. The routine will now
attempt to execute another case.

Subroutine ABAM
This is a single step predictor-corrector technique

used to solve a set of first-order differential equations.
The method is based on an Adams-Bashford predictor (fourth-
order) and an Adams-Moulton corrector (fifth-order) as
discussed by Hildebrand.(19) Two iterations (METHOD =2)

on the corrector will usually provide sufficient accuracy
for most problems. This routine requires four back points
and their derivatives.

The routine integrates, on any given iteration, the
differential equations in F1l once, and the differential
equations in F2 ¢q times. Storage is facilitated by
use of an index register (I1B and I2B) which allows inte-
gration to proceed from point to point by changing the
index registers rather than moving the data. This gives
a rolling drum effect.

The mathematical relations used are

h
Yoe1 = Y *og (55yq - 5971 + 37yp 5 - 9yp.3)

251 .5
* 0 h Yv(El)
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for the predictor, and

Y =y +

h
n+1 n 7

0 (251Y! . + 646y! - 264y _; + 106y! ,
' 3 6. vi
- 19y;.3) - 1gg BY(ep)

for the corrector, where h 1is the integration step size.

Subroutine CONVRG

This routine determines the norm of the terminal
constraints and implements the different correction
schemes according to the value of KEY.

If KEY = 1, the Normal Correction Procedure is used.

The change in the terminal error dh (B) is taken as
the negative of the error in the terminal constraints

h (HNEW) , the coefficient matrix C (AA) 1is evaluated
and the correction y (HNEW) is determined. The
correction is added to the values on the last iteration
(see ITER), and if the norm of the terminal constraints
Ih] (HNN) and the individual corrections are less than
some prescribed epsilon (EPS) convergence has been achieved.
If convergence has not been achieved, the iteration
count (ICOUNT) is checkedAagainst the maximum iterations
(KK) allowed to determine if the iterative process is to
be continued or terminated. '

If KEY = 2, the Fractional Correction Procedure is used.

The procedure is similiar to the case when KEY = 1 for
determining a correction. However, the last two convergent
solutions are preserved, and the fractional correction

constant ¢ (CI) is incremented by .a small amount (DEL). If

13



divergence occurs, then the routine attempts to correct
from the last cdnvergent solution decrementing CI

by DEL. When the correction vector is decremented

to DEL and an improvement has not been made in the
terminal error, the routine backs up to the second last
convergent solution and tries again. If this does not

achieve convergence, the case is aborted.

If KEY = 3, the Minimum Norm Correction Procedure

is used. The routine first determines if either of the
Stepped procedures are used (IFL < 2) . 1In this case,
the norm of the terminal constraints HNN is checked
to determine if it is less than some prespecified value
(FL2). If the norm is less than this value, control is
switched to the Normal Correction Procedure. If the
norm of the terminal constraints HNN is greater than FL2
or if the Variable procedures (IFL > 2) are used, the
matrix C (AA) is formed (see F4). The matrix AA is
printed in FPRNT, if desired, and modified in MLTPLY
depending on which procedure is used. The modified
matrix is then printed in FPRNT, if desired. The
corrections are determined in CORVEC and printed, if
desired. The routine then determines if convergence
has been achieved as in KEY = 1.

Subroutine CORVEC

This subroutine forms the multiplication of a matrix,

A , times a vector, B , and stores the answer in a
C

i}

vector, C . Mathematically, AB

Subroutine CRDPCH
The purpose of this routine is to punch on cards the

values of the dependent variable, initial and terminal

time, and the maximum norm of the terminal constraints

14



for each iteration in the same format required for input.

If IPCH = 0, control is returned to the MAIN program.
If IPCH # 0, the N initial values of the dependent vari-
ables (DEPO) are punched under a 2D25.16 format. The
initial time (TO) and the final time (TF) are punched
with a 2D25.16 format. Finally, the maximum norm of the
‘terminal constraints [fh]]™®* (HMAX) is punched under a
D25.16 format.

Subroutine FPLEW
This routine stores the various parameters which are to

be plotted on the high-speed drum. It uses the symbolic
magnetic tape unit 3 to achieve this storage. The parameters
which are stored, for the example shown in Appendix A, are
the control angle versus time in days (STORA) and the norm
of the terminal constraints versus the iteration count
(STORB). For the convenience of the user, the control angle
is calculated as a Y value, and time is calculated as an

X value.

The program determines first, whether or not plotting is
desired. If not (PLT < 0), a return is executed. However,
if plotting is desired (PLT > 0), the routine has four
options dependent upon the argument of I (I = 5,7,9,11).

For I = 5, the plotting point index is initialized for
the first point (K1 = 1). If this is the first iteration
(ICOUNT = 1), the index is set to store the data in the first
pair of columns (K2 = 1). It is then determined if this is
the PLTth (L) iteration. The initial number of points for
this curve ié.set (INDEX(K2) = 1), and the data tape is

15



rewound. The extreme limits for the abscissa (XMAX, XMIN)
and the ordinate (YMAX, YMIN) are set. The initial time in
days (X(1)) and the control angle in degrees (Y(1)) are
calculated. Control is transferred to the data manipulation
portion of the routine.

For I = 7, the point and curve indexes are incremented
by one (K1 = K1 + 1 and INDEX(K2) = INDEX(K2) + 1), the
final time is computed in days (X(1)), and the final control
angle is computed in degress (Y(1)). Control is transferred
to the data manipulation portion of the routine.

For I = 9, it is determined if this is the 1pLTth point
(J =0). For J # 0, return to the integration routine
(INTEG). If this point is to be plotted, the point index
is incremented by one (K1 = K1 + 1), and the time in days
and the control angle in degrees are calculated. Control
is transferred to the data manipulation portion of the program.

For I = 11, the iteration count (STORB(ICOUNT,1)) and the
norm of the terminal constraints (STORB(ICOUNT,2)) are saved,
and control is returned to the convergence routine (CONVRG).

In the data manipulation portion of the routine, the
actual extrema of the data are determined (XMAX, XMIN, YMAX,
YMIN) and the trajectory points (X, Y) are stored into a
data array (STORA) which will be placed on the high-speed
drum (or magnetic tape unit 3). It is now determined if
the data array (STORA) is full (K1 = NS) or if the last point
has been calculated (K = 3). If neither of these conditions
are met, control is returned to the calling routine (MAIN or
INTEG) .

16



If the data array is filled or this is the last point,
the drum write counter (IWRT(K2)) is incremented, the max-
imum drum write count is evaluated (IWRT(1)), and the data
is placed on the drum.

If this is the last point, the iteration count (IT2) is
saved. If this is the first iteration (ICOUNT = 1), or if
this is the PLTth
incremented by one. A maximum of seven curves is saved
(NS2 = 7).

(L = 0) iteration, the curve index (K2) is

If this is not the last point and this is not the first
iteration, the data array (STORA) is filled with the previous
information calculated for that block on previous trajectories,
and the drum is backed up to allow new information to update
the drum. The last point calculated is stored in the first
row of the array. The plotting point index is reinitialized
(K1 = 1), and the number of points for this curve is incre-
mented by one (INDEX(K2)). Control is returned to the
calling routine.

1}

Subroutine FPLOT

This routine plots the information in STORA and STORB.
The routine determines first if plots are desired (PLT > 0).
If plots are not desired, control is returned to the main

program.

If plots are desired, the number of curves (K2) that
may occur on one grid is calculated from the iteration count
(IT2), the curve plot frequency (PLT), and the maximum num-
bers of curves (NS2). If JPLT is zero, only the curves for

17



the current iteration are plotted; otherwise, all K2 curves
are generated.

The plotting boundaries are determined, and the associated
scaling factors for each curve are calculated. The curve
data are read from the drum, and are plotted via the QUIKML
routine. If the data were scaled, the scale factors are
printed on the grid. If JPLT is zero, control is returned
to the main program; otherwise, a plot illustrating the con-
vergence history of this case is desired.

The routine now prepares for the semi-logarithmic plot
of the norm of the terminal constraints versus the iteration
count (STORB). The plot registers are cleared and the film
is advanced one frame (RESET). Next the nonlinear mode 1is
established for 8-cycle log in Y and linear in X (MODE).
The labels for the Y axis are established, the span for
both the X and Y axis is determined (SET1, SET2, XKK),
and the grid increments (FIT) are calculated in rasters for
the X axis. The grid routine (GRIDGN) is called and the
curve is plotted (PLOT1). The X and Y axis identifiers
are printed (D and C). The labels associated with the X
axis (LABELX) and the Y axis (PRINT) are plotted.

Finally, the film is advanced (FILMAV), the buffers are
dumped (DUMPBUF), and the linear mode is reestablished (MODE).

Subroutine FPRNT

This routine prints the intermediate information required
during each iteration. Two printing modes are permitted, the
suppressed mode (SWCH = 0) or the full mode (SWCH = 1).

18



Dependent upon the value (I) received from various routines,
different information is printed. The information to be
printed is established by the value of JSWCH (JSWCH = I

+ SWCH) through the use of a computed GO TO statement.

For I = 1 and SWCH = 1, the time in seconds is printed
prior to the main program calling the integration routine.
Control is returned to the main program. If SWCH = 0, there
is no print action.

For I = 3 and SWCH = 1, the time in seconds is printed
after calling the integration routine. Control is returned
to the main program. If SWCH = 0 there is no print action.

For I = 5 and SWCH = 1, the initial time (TO) and the
matrix representing the initial conditions for the differ-
ential equations and the preturbation equations (DEP) are
printed. Control is returned to the main program. If
SWCH = 0, there is no print action.

For I = 7 and SWCH = 1, the final time (VIND) and the
matrix representing the final conditions for the differential
equations and the perturbation equations (DEP) are printed.
If SWCH = 0, the last q differential equations and final
time are printed with the iteration number (ICOUNT). Con-
trol is returned to the main program.

‘For I = 9, the IPROTR
and the matrix representing the differential equations and

step causes the current time (VIND)

the perturbation equations (DEP) to be printed. Control is
returned to the integration routine (INTRK5). The same
action is caused by SWCH being either 0 or 1.

19



For I = 11 and SWCH = 1, the terminal constraint vector
h (H) and the norm of the terminal constraints (HNN) are
printed. If SWCH = 0, only the norm of the terminal con-
straints is printed. Control is returned to the convergence
routine (CONVRG).

For I = 13 and SWCH = 1, the fractional correction con-
stant (Cl) is printed. If SWCH = 0, there is no print action.
Control is returned to the convergence routine (CONVRG).

For I = 15 and SWCH = 1, the corrections y (H) that
have been computed will be printed. If SWCH = 0, there is
no print action. Control is returned to the convergence
routine (CONVRG).

For I = 17 and SWCH = 1, the fractional correction con-
stant (Cl), the attempt number (ISET), the iteration number
(ICOUNT), and the corrections (H) will be printed. If
SWCH = 0, there is no print action. Control is returned to
the convergence routine (CONVRG).

For I = 19 and SWCH = 1, the matrix A (A) is printed.
If SWCH = 0, there is no print action. Control is returned
to the convergence routine (CONVRG).

For I = 21 and SWCH = 1, the matrix computed by the
Minimum Norm Correction Procedure (see MLTPLY) is printed.
If SWCH = 0, there is no print action. Control is returned

to the convergence routine (CONVRG).

For I = 23, the same action occurs as in I = 19,

20



For I = 25 and SWCH = 1, the total time in seconds
required to complete the case is printed. If SWCH = 0, there
is no print action. Control is returned to the main program.

Subroutine F1

This routine contains the n first-order differential
equations that describe the dynamical system. The equa-
tions as presented in Equation (1) are

z = F(z,t)

where 2z 1s represented in the program as P , 1z 1is repre-
sented as TY, and t is represented as T . The equations
are arranged so that the equations having the p known

initial conditions are first.

Subroutine F2

This routine contains the n perturbation equations.

The equatidns as presented in Equation (5) are

§z = A8z

where matrix A represents [0F/3z] and is evaluated at
each integration step.

In the first step, if the index JAY = 2, the procedure is
initiated to evaluate the A matrix. Next, an index (NU)
is checked to see if the midpoint for Runge-Kutta need be
approximated. An index (J) is set depending on the calling
routine or the stage of the Runge-Kutta routine. The coef-

ficient matrix is set to zero, and the nonzero elements are
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calculated. The product of the [8F/3z] matrix (A) and 6z
(TY) is evaluated and stored into the derivative sz (P).
The ordering of the equations in F2 is compatible with that
in F1.

Subroutine F3

This routine evaluates the ¢q + 1 terminal constraints
h (H) from the terminal state z(tf) (DEP). This is
achieved by satisfying a known terminal state which is input
Z¢ (XF), i.e.,

or by satisfying a functional relation dependent on the ter-

minal values of the differential equations (DEP) and their
derivatives (YPR), i.e.,

h = £(z,z,t)]
SRR -
f

Subroutine F4

This routine evaluates the terminal error correction
matrix C = [(3h/3z)®{h] (A). The (dh/9z) matrix (B) is
evaluated at final time. The last column of A is set to
h evaluated at final time. Finally, the matrix multipli-
cation of (dh/93z) (B) times ¢ (DEP) is performed and

stored in the first q columns of A .

Subroutine F5

This routine reads in two cards. The first card con-
tains the plotting label for the X axis and the second
card contains the plotting label for the Y axis.
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Subroutine F6

This is the initial data input routine. Essentially all
the data needed to run a case is read in this routine. In
addition, most of the data read is printed to verify that the
data were input correctly. The only information not read in
this routine is that concerned with the plotting labels
(See F5).

Subroutine F7

This routine sets up the initialization necessary to per-
form the integration of the n differential equations and
the q n-vectors of initial conditions for the perturbation
equations. The routine stores the n initial conditions
for the differential equations (DEP(0) into working storage
(DEP and S), then the initial conditions for the perturbation
equations are stored in the right-most portion of the

remaining q columns of DEP.

Subroutine INTEG

This routine integrates the n-vector of differential equa-
tions and the q n-vectors of perturbation equations. The
routine sets the step size for the Runge-Kutta integration
and initializes the index registers to give a rolling drum
effect. The Runge-Kutta technique yields the first four
points and their derivatives to be used by the Adams-Predictor-
Corrector technique. The Adams technique integrates forward
until the final time (T2) is exceeded. Then the Runge-Kutta
is called to integrate to the final time. Printing and
plotting options are examined at each time step to see if this

“information is desired.
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Subroutine INTRKS

This is a standard fourth-order Runge-Kutta integration
technique (Reference 10). The storage is handled in the
same manner as in ABAM. The mathematical formulation 1is

Yne1 T Yp 't % (ko + 2k) + Zk, + k) + 0(h")
where
k, = h F(xn,yn)
A SR T
k, = hFlx + % h, yp # % k,)
k3 = h F(xn + h, Yo * kz)

and h 1is the step size.

Subroutine ITER

This routine adds the corrections y (H) to the assumed
final time (TF) and the q wunknown initial A's (DEP0). It
is assumed that these are the last q elements of 2z (DEPO).

Subroutine MLTPLY

This routine sets up the matrix C (A) for the Minimum
Norm Correction Procedure described in Reference 9.

TC (ATA) and stores this

into the temporary storage (B). The routine then checks

The routine first evaluates C

each main diagonal element of B to guarantee that it is

24



larger than some prescribed value (BETA). If the element is
not larger than this number, it is set to the largest main
diagonal element. For IFL = 1, the Stepped-o procedure is
used, i.e.,

B = [(ATA + K) + adiag (ATA + K)]
For IFL = 2, the Stepped-B procedure is used, i.e.,
_ T
B = [(A A+ K) + BI]
For IFL = 3, the Variable-o procedure is used, i.e.,
T HNN P .. T
B = [(A A+ K) %(mﬁfl\\lx) diagonal (ATA + K)]
For IFL = 4, the Variable-B procedure is used, i.e.,
T \P
B = [(ATA £ K) + 60(%) I]

Finally, the routine transforms the error vector (C) into
the modified error vector (D) and replaces the original
matrix (A) by the newly computed matrix (B).

Subroutine MINVDP
See Reference 11.
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MODIFICATIONS FOR DIFFERENT PROGRAM

This section is designed to assist the user in modi-
fying the existing program to satisfy the users needs and
requirements. To some extent, familiarity with the UNIVAC
CUR system is useful and a basic knowledge of FORTRAN is
assumed. All control cards are assumed to start in column
1 unless specified otherwise. An apostrophe in column 1
indicates a 7-8 multiple punch.

CONTROL CARD 1

$JOB card

CONTROL CARD 2

'N HDG INPUT 10615
The message INPUT begins in column 13

CONTROL CARD 3

' ASG P=10615

CONTROL CARD 4

' XQT CUR

CONTROL CARDS 5-8 (all start in column 3)

TRW P
IN P

TRI P
TOC
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CONTROL CARDS 9-10

'T FOR,* MAIN,MAIN,MAIN/B

-1,1

CONT

Insert the FORTRAN PARAMETER card equating N with the
number of dependent variables, NQ with the q + 1
terminal constraints, KON with the number of special
program constants required, and NS3 with the number
of AXIS labels to be read in, i.e.,

PARAMETER N = 8, NQ = 4, KON = 4, NS3 = 2
After this, the parameter card and the desired
variables on the card will be indicated by ?. The

user supplies the correct value for N, NQ, KON, and
NS3.

ROL CARDS 11-12

'T F
2,2

OR,* ABAM,ABAM,ABAM/B
PARAMETER N = ?, NQ = ?

CONTROL CARDS 13-14

'T FOR,* CONVRG,CONVRG,CONVRG/B

-2,2

CONT

PARAMETER N = ?, NQ = ?

ROL CARDS 15-16

'T F
-2,2

CONT

OR,* CRDPCH,CRDPCH,CRDPCH/B
PARAMETER N = ?

ROL CARDS 17-18

'T F
-3,5

OR,* FPLEW,FPLEW,FPLEW/B
1 N .

PARAMETER N = ?, NQ = ?, NS3 = ?, KON = 4
DOUBLE PRECISION — anything required
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CONTROL CARD 19

61,62
X (1)
Y(1)

information for the first X-axis
information for the first Y-axis

Hon

X (NS4) information for the last X-axis
Y (NS4) information for the last Y-axis
(Note: NS4 = NS3/2, and is defined in a
parameter statement.)

o

CONTROL CARDS 20-21

'T FOR,* FPLOT,FPLOT,FPLOT/B
-2,2
PARAMETER NS3 = ?

CONTROL CARDS 22-23

'T FOR,* FPRNT,FPRNT,FPRNT/B
-2,2
" PARAMETER N = ?, NQ = ?

CONTROL CARDS 24-25

'T FOR,* F1,Fl,Fl/B
2,2
" PARAMETER N = ?, KON = ?

CONTROL CARD 26

-5,6
" DOUBLE PRECISION local program constant names
EQUIVALENCE (CON(1), local constant), ---,(CON(KON),
local constant).

These two statements are only for those users that
desire the use of an identifying label for their
constants. They are not necessary for the proper use
and execution of the program.
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CONTROL CARD 27

-9,19

The set of N first-order differential equations
P(I) which involves the dependent variables TY(I)
with its corresponding coefficients.

CONTROL CARDS 28-29

'T FOR,* F2,F2,F2/B
2,2
" PARAMETER N = ?, KON = ?

CONTROL CARD 30

-5,7
’ Same comments under Control Card 26 apply here.

CONTROL CARD 31

-27,59

FORTRAN statements defining the N X N coefficient
matrix of the perturbation equations. The matrix
is A(I,J). The subscript I corresponds to the
Ith equation and the J to the Jth coefficient

in the equation. Only the nonzero coefficients
need be evaluated.

CONTROL CARDS 32-33

'T FOR,* F3.F3,F3/B
-2,2
PARAMETER N = ?, NQ = ?, KON = ?

CONTROL CARD 34

-15,18
A set of FORTRAN statements evaluating the NQ elements
of H(I) with the N dependent variables DEP(K,1), the
N derivatives of the dependent variables YPR(J,I2B,1)
and the NQ elements of the input terminal constraint
XF(I).

29



CONTROL CARDS 35-36

'T FOR,* F4,6F4,F4/B
-2,2
PARAMETER N = ?, NQ = ?, KON = ?

CONTROL CARD 37

-23,26

Place the nonzero elements of [0h/3z]

CONTROL CARD 38

-30,33

in the matrix B.

Place the NQ elements of h in A(I,NQ).

CONTROL CARDS 39-40

'T FOR,* F5,F5,F5/B
-2.2
" PARAMETER NS3 = ?

CONTROL CARDS 41-42

'T FOR,* F6,F6,F6/B
-2,2
" PARAMETER N = ?, NQ = ?, KON = ?

CONTROL CARDS 43-44

'T FOR,* F7,F7,F7/B
-2,2
PARAMETER N = ?, NQ

1]
-)

CONTROL CARDS 45-46

'T FOR,* INTEG,INTEG,INTEG/B
22.2
" PARAMETER N = ?
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CONTROL CARDS 47-48

'T FOR,* INTRK5,INTRKS,INTRK5/B
-2,2
PARAMETER N = ?, NQ = ?

CONTROL CARDS 49-50

'T FOR,* ITER,ITER,ITER/B
-2,2
" PARAMETER N = ?, NQ = ?

CONTROL CARDS 51-52

'T FOR,* MLTPLY,MLTPLY,MLTPLY/B
-2,2
" PARAMETER NQ = ?

CONTROL CARDS 53-55

' XQT CUR ) )
TOC (this starts in column 3)

' XQT MAIN/B

PROGRAM INPUT DATA

CONTROL CARD 56

' EOF
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DATA INPUT

FORTRAN COLUMNS FORMAT

NOTATION

PLOT LABELS

Card 1

BCD(I,1), I=1,12 1-72
Card 2

BCD(I,2), I=1,12 1-72

DEPENDENT VARIABLES

Cards 3%-6
DEPO(I),I=1,N 1-25
26-50
TERMINAL VALUES
Cards 7-8
XF(I),I=1,NQ 1-25
26-50
TIME INTERVAL
Card 9
TO 1-25
TE 26-50

32

12A6

12A6

D25.
D25.

D25.
D25.

D25.

D25.

16
16

16
16

16

16

DESCRIPTION

Plot label for
the X-axis.

Plot label for
the Y-axis.

Initial values
of the dependent
variable. Input
two to a card.
(In this example
N=8, see the
PARAMETER card).

Desired terminal
values. Input two
to a card. (In this
example NQ=4, see
the PARAMETER card).

Initial value of
beginning integration
time..

Initial value of
final integration
time.



FORTRAN . COLUMNS

NOTATION

ACCURACY CONTROL

Card 10
STEP 1-25
EPS 26-50

RUN CONTROL

Card 11
METHOD 1-5
KK 6-10
IPLT 11-15
PLT 16-20
IPRO 21-25
KEY 26-30

FORMAT

D25.16

D25.16

IS5

IS

I5

15

I5

I5

33

DESCRIPTION

Integration step
size.

Accuracy required
of the terminal
values.

Number of iterations
with the Adams-
Moulton corrector
(always > 1).

Maximum number
of iterations
allowed (< 50).

Frequency of plotting
points during the
iteration. Require
(TO-TF) < 475 (IPLT)
STEP.

Frequency of plotting
iterations.

Frequency of printing
points during each
iteration.

Correction procedure
desired (KEY=1 is
Normal Correction
Procedure, KEY=2

is Fractional Cor-

rection Procedure,
KEY=3 is Minimum Norm
Correction Procedure).



FORTRAN COLUMNS

NOTATION
SWCH 31-35
IPCH 36-40
THMAX 41-45

CORRECTION SCHEME (not Used for KEY=1)

FORMAT

I5

I5

I5

Card 12 (For KEY=2)
C 1-25

DEL 26-50

ALTERNATE Card 12 (for KEY=3)

FL1 1-25
FL2 26-50
IFL 55

D25.16

D25.16

D25.16

D25.16

I1
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DESCRIPTION

'Print Control

Switch. (SWCH=0
is suppressed mode,
SWCH=1 is full mode).

Punch Control Switch,
(IPCH=0 no punching
desired. IPCH=1,
punch out the n
dependent variables,
the time interval,
and HMAX on each
iteration).

Maximum Norm Control
Switch. (IHMAX=0

do not read in HMAX,
IHMAX#0 read in HMAX).

Initial Fractional
Correction Constant.

Rate of change of
Fractional Correction
Constant.

o if IFL = 1 or 3
BO if IFL = 2 or 4
vy if IFL < 2
p if IFL > 3

Denotes the Minimum
Norm Correction
Procedure to be used.
(IFL=1 use the Stepped
Alpha Procedure,

IFL=2 use the Stepped
Beta Procedure, IFL=3
use the Variable Alpha



FORTRAN COLUMNS FORMAT
NOTATION

DESCRIPTION

Procedure and IFL=4
use the Variable
Beta Procedure).

MAXIMUM NORM (To be used only when IHMAX # 0)

Card 13

PROGRAM CONSTANTS

Cards 14-17
PLACE 1-24 4A6
CON(I) 25-50 D25.16

The next case starts at Card 3.

35

The maximum norm of
the terminal constraints.
(This makes sense only
when used in conjunction
with the Variable

Alpha or Variable Beta
Correction Procedures).

The alphanumeric
identification the
user identifies with
the input constant.

The program constant.
(I is the subscript
that ranges from 1

to KON. 1In this
program KON=4, see
PARAMETER card).



EQUIPMENT

This program has been checked out on the UNIVAC 1108 com-
puter. In addition to the systems tapes, data input (5),
data output (6), punch (-3), and SC4060 (17) tapes, two addi-

tional tapes are required. They are:

1. Program PCF tape (assigned P).

2. A scratch tape (3). This is usually unassigned,
but when the drum is not sufficiently large to
contain the plot data, it must be assigned
(assigned 3) to a magnetic tape unit.

All input and output are consistent with the current
requirements for handling by the UNIVAC 1108 peripheral
equipment. The software requirement is a standard FORTRAN
V system.
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Appendix A
EARTH-MARS TRANSFER EXAMPLE



1. FORMULATION

The minimum time Earth-Mars transfer problem may
be stated as follows: Determine the control history
v(t) such that a spacecraft may transfer from initial
conditions corresponding to that of Earth to conditions

corresponding to that of Mars in minimum time.

The differential equations of motion are

x; = u = vZ/r - GM/r? + (T/m) sin ¢
iz = v = - uv/r + (T/m) cos ¥

. o '

X3 = T = u

iq = § = v/r

where u, v, r, and 6 are the radial velocity, tan-
gential velocity, radial position and angular position,
respectively. The control variable ¢ 1is the thrust
orientation to the local horizontal. The symbol GM

is the gravitational constant of the sun, and

m=m - mt is the vehicle mass.

When the optimization process is applied, the control
variable angle ¢ 1is eliminated from the above equations
and four additional equations are required to be satisfied
(Euler-Lagrange equations).



The initial boundary conditions U3(to) = -1 s
used in place of one of the terminal transversality
boundary conditions and upon reordering, the differential

equations for F1 become

2
vZ/r - GM/r2 - (T/m) u;/Vui + u;

L3 L] o 2 2
Z, = X = V - uv/r - (T/m) wy/Vui + us

Z1 = X1 = u

Zg3 = X3 = T = u
24 = iq = 8§ = v/r
Zs = Xs = uz = (v2/r2 - 26M/r3) 1y

= (uv/r?) up + (v/r?) uy

Zg = >\1 = Hy = 0
z; = ky = W1 = (V/1) My - w3
zg = KXz = Wz = - (2v/1) Wp + (u/r) Wy - (1/7) uy
where t = t, t o= tg (unspecified)
u(t)) = 0.0 u(tf) = 0.0
v(t) = 1.0 v(ty) = 0.8078
r(t) = 1.0 r(ty) = 1.532
6(t)) = 0.0 pu(tf) = 0.0
ua(ty) = - 1.0



The perturbation equations for FZ are

§z; = (2v/r) Sz, + (26M/13 - v2/12) §z3
- {Tuz/m(u% + U%)yﬂ [UZ527 - U1524
8§z, = - (v/r) 82, - (u/r) 8z, + (uv/r?) 6z3
+ [Tul/m(ui * ug)%ﬁ] [“2527 i “1528]
§z3 = &z
624 = (1/r) 8z, - (v/r2) 8z,
§zg = - (Vuo/T2) 8zp + [(Zvul - upp, + u@)/rz} 8§z,
+ [(6GMu1/r - 2v2yu,; + 2uvu, - Zvuq)/r3] S§z3
+ (v/12) 8z + (v2/12 - 26M/T3) 8z4
- (uv/r?) Szg
§zg = O
827 = (uz/1) 825 - (Vua/x?) 823 - 825 + (v/1) 824
szg = (up/1) 821 - (2u1/1) 82,

+ | (2vu; - up, + uu)/rz] §z3 - (1/r) 68z¢

- (2 v/1) 827 + (u/T) Sz4
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The terminal constraints for F3 are

hy = u(ty)
hy = wv(tg) - 0.8078
hy = r(tf) - 1.532
h, = Hu(tf)

The partial derivative of the terminal constraints
with respect to the dependent variables and the time
rates of change of the terminal constraints for F4.are

F———
i
N!D"

.
]

©c o o B

o o = o

o = o o

o o o o

o o o o

= o o ©

© o o o

o o o o

and

u (tg)
v (te)

T (tf)
ﬁh(tf)




2. PROGRAM LISTING

PARAMETER Nzt NQz=4 KO =4, n83=2

PAKAMETER NS=50, 1151=50, MNS2z7» NSU=zjS3/2

COMMON/HCL/BACK (N) #BACK2 (N) s HICK (NQ) sHICK2(NQ) »CIOLD»CIOLD22TFBY
TF32» ICOUNT 2 OUNT

UQUBLE PRECISION BACK »BACKZ»HICK HICK2¢CIOLDCIOLUZ TFByTFB2

T COMMON/ TIMER/ XJs XMEX ¢« XN

COMMON/CIRV/UEP (NoNG) s YER (ir4 o NQ)

UOULLE PRECISION DEP»YPR

COMMON/ INITAL/DEPO(N) » TGy TR EPS

UOUSLE PRECISION DEPO»TOeTFrEPS

COMAON/FRNT/5dCiH

INTEGER SWCH

COMMON/EVAL/VINUYDELT 1101

SOUSLE PRECISION VINDsDELT

CCOMMORN/MIDTR/ Jo JKK

COMMON/NUM/STEP »KEY P KK LT 2 IPLT ¢ IPRO

iNT&GER PLT

UOULE PRECISION STEF

COMMUN/EATRIX/ZA (HQPNG) v (NQ) » XF (NQ)

quuLE PRECISION ArtirxF

COMAUN/LE WAL: §/HNN ¢ HMAX # 1, THRU

LOUGLE PRECISION HiiheHMaX

COMHON/INEWTON/C L CRAT

UOUSLE PRECISION CI:CRAT

COMMON/TRL/BING) o ISET

UOULLE PRECISION B

COMmmON/CONST/ZCON (KOIy)



LouBLE FRECISION CUN

COMMON/DLIFEQ/PIN) s TY(NJ} T

POUBLE PRECISION PalvVed
COMMON/MODE/S(N?3) v JAYINU2 LONEs 1 TWO» IERRCT

PDOouUBLE PRECISION S

COMMON/COUNT/METHOU LLUC 118, 12871080 K2H
COMMUN/FLAG/FLLsFLZr LFL

DouBLE PRECISION FLleblk2

COMMUN/KPCH1/ IPCH» IHMAR

COMMON/LOGIC/B00L,

LOGICAL BOOL
COMMON/STUFF/XMAX (NSHPNS2) o YMAX (NS o NSZ2) o XMIN(NSUINS2) » ITZ29YPLTr
i YMIN(NS4/NS2) » STORBINS12) ¢ INUEX(NS2) ¢ IWRT (NS2)

COMMUN/PLOTO/BCU (129ND9)

CALL Fb
9 CONTINUE
CALL RESET
AMEX = (0¥
NTHRU = 1
CALL FO

DO 4U3 UZ1,N
BACK (J) ZUEPU(J)

4Uo CONTLINUL

IFB=lk
KOUNI=U
CioLu=C]
ICOUNT =z V
9 ICOUNT = LCOUNT + 1

CALL SRUPCH



39

CALL TIME(W)

AJ = J
XJ = XJ/100Uev
XK = XJ

XMEX = XJ = XMEX

CALL F7

IT=1

CALL FPRNT(IT)

1T=H

CALL FPRNT(1T)

CALL FPLEW(LT)

CALL INTEG

1T=7

CALL FPRNT(IT)

CALL FPLEW(IT)
CALL TIME(J)
XJd = J
XJ T XJ/71U00U.U
XN & XJ = XK
XME X=X

17=3

CALL FPRNT(1T)

CALL CONVRG(KIK)
JPLT = 0
CALL FPLOT

GO TU (5535)¢sKIK
CALL TIME(J)
XJ = J

XJ = XJ/1U0UeW



[iz2%
CALL FPRNT(IT)
JSJPLE = 3
CALL FPLOUT
%y CONTINUE
60 10 4

END
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«

SUBRUUTINE ABAM

PARAMETER N8, NQ=%
COMMON/EVAL/VINUDELT?ANDI
DOUBLE PRECLSION VINUeVELIT

COMMUN/COUNT/METHOU» ILUC» 118, I2B s 13B K28

 COMMUN/DIFEQ/P (N) rDEPVAR (N) # XN

DOUBLE PRECISION PrDEPVAR? XN

COMMUN/DIRV/DEP (N/NQ) » TPRIN? 4y NQ)

bouBLE PRECISION DEPreYFR
COMMUN/MBDE/ZS(N?3) » JAYPNU» JONE» ITWO» JERKRCT

DoUBLE PRECISION S

DOUBLE PRECISION XIP(N)

DOUBLE PRECLISION A(b)rB(4)

DATA (B(J) pJ2194)/=e3/DDUr «1541006066600606001r=e24D8333333325333D1
17 +229166006DOHOLOGML/

DATA (A(J)rU=19D)/=,2008888888888888D=1r,147222222222222D0°

1=0,30b6b0bOOLOOOOOTDUY ,8YT72222222222222D0r «948611111111113100/

THIS ROUTINE INTEGRATES THE DIFFERENTIAL EWUATIONS USING AN

ADAMS=BASHFOKD PREVDICIVUR WITH AN ADAMS=MOULTUN CORRECTOR.

NS=NW

VIND = VIND f DELT
ANZVIND

DO 40 JAY = LNS

ISAV = MEIROD .



12

14
15

20

22

24

25
30

DO 10 J = 1»
DEPVAR (M)
+ B(2)*TPR
B(4)%xYPR(J
XIP(J) = D
A(2)*YPR(J
A(4)*YPR(J

IF(JAY.NEs1) GO TO 12

CALL F1

60 TO 14
CONTINUE
CALL F2
CONTINUE
DO 20 Vv = 3N
DEP (JrUAY)
DEPVAR(W)

IF(JAY«NE.1) GO TO 22

CALL F1

G0 TO 24

CONTINUE

CALL F2

CONTINUL
IF(1ISAVeEUWe]l)
ISAV = ISAV =
60 o 1b
DO 30 J = 1

YPR{J» 1IB

IF{JAYeNE-1)

DO 35 J = 1»N

N

= UEP(JrJAY) + DELT*(B(1)*YPR(Js I3BsJAY)
(JrI2B#JAY) + B(3)*TPR(JrI1BrJAY) +

2 ILOCHYJAY)) |

EP(JsJAY) + DELT*(A(L)*YPR(JrI3BrJAY) +
»IZBrJAY) + A(3)XTPK(JeI1BrJAY) +

» JLOC e JAY))

S DELI*A(5)xP(J) + XIP(J)

= DEP(JrJAY)

G0 TO 25

1

N

rJAY) = P(U)

GV TO 40
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35
40

RETURN
END

S{Je1TWU)

CONTINUVE
ISAV = 138
138 = 128
28 = 118
118 = 1L0C
1LOC = [SAYV
ISAV = IONE
IONE = ITwO
ITWO = ISAV

= VEPVAR(J)
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SUBROUT INE CONVRG(KIK)

PAKAMETER Nzwe NQ=d

COMMON/MATRIX/AA (NQsNQ) o HNEW (NQ) » XF (NQ)

CDOUsLE PRECISION AA¢HMEW s XF

COMMON/LIRV/DEP (NeNQ) » YPR (N» 49 NQ)

LUOUBLE PRECISION DEPsYPK

COMMON/LEWALN/HINN e HMAX » NTHRU

DOUBLE PRECISION HNNeHMAX

COMMON/TRL/E (N@) » ISET

LOUBLE PRECISION B

COMMONZINITAL/DEPO(N) » TG TFPEPS

DOUBLE PRECISION DEPO+TO#TFrEPS

COMMON/NUM/STEP ¢ KEY 1 KK PLT ¢ IPLT » IPRO

INTEGER PLT

DOUBLE PRECISION STEP

COMMON/FLAG/FL1 FL2IFL

DOUSLE PRECISION FL1,FL2

COMMON/EC1/BACK (N) + BACK2 (N) rHICK (NQ) +HICK2 (N®) »CIOLD,CIOLD2» TFB
TF32s ICOUNT ¢ KOUNT

LOUBLE PRECISION SACKeBACK2sHICK HICK2CIOLD»CIOLD2s TFBy TFEZ

COMMON/NEWTON/CL s CRAT

UOUSLE PRECISION CI»CRAT

COMMON/KPCHL/IPCHe IHMAX

DOUSLE FRECISION HNOsHNOZ2# XN X (N@)

UIMENSION Jz(NQ),12(NQ)

LOGLCAL BOOL

KIkz1 A-12
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50

DETERMINE THE TERMINAL NORM
CALL F3
CALCULATE THE NORM OF THE TERMINAL - CONSTHRAINTS

HNN=U,DU
DO 15 J=1rpNQ
HNN = HNN + HNEW (J) *HNEW(J)
HNNSDSQRT (HNN)
ITT=11
CALL FPRNT(ITT)

CALL FPLEW(ITT)
EVALUATE THE MAXIMUM NORM OF THE TERMINAL CUNSTRAINTS

IF (IHMAXJNE+U)GO TU S0
IF (NTHRUSEQe1) HMAXSHNN
CONTANUE
HMAXZUMAX L (HMAX # HNN)

60 TO(100,200,300) PKEY

100 CONTINUE

NORMAL CORRECTION PROCEDURE

EVALUATE THE MATRIX AND SET UP THE DISSATISFACTION VECTOR

CALL F4
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130

150

160

180

200

VO 130 J=1,Nu
BlJ)==HNEW(J)
CONTINUE

EVALUATE THE INVERSE AND ADD ON THE CURRECTIONS

CONTINUE

CALL MINVUP(AAYNGrKrX?D2012)
IF(KekQel) GU TO 1500

CALL CURVEC(AArByNUsHNEW)
177215

CALL FPPRNT (1ITT)

CALL ITER
DETERMINE IF CONVERGENCE HAS BEEN ACHEIVED

BOOL = +TRUEs
DO 180 JUzl,Nw
XN=DABS (HNEW(J))
IF(XNsGT«EPS) BOOL = +FALSE.
CONTINUE
IF (HNNGLEJEPS LANDe BOOL) 60 TO 70
NTHRU=2
GO TO 5

CONTINUE
FRACILUNAL PROCEDURE

IF(NTHRU.EQ.1) GO TO 220

A-14
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210

220

230

LF (HNNo.GE.HNV) 60 TO 250

DO 210 Uz=1,N
BACKZ (J) =BACK (W)
BACK (J)=DEPO (V)

CONTINUE

TFB2=TFB

TFB=TF

DETERMINE THE FRACTIONAL CORRECITIUN

CI=CLl+CRATY

IF(CI«6T+1,00)CI=1.00
EVALUATE THE MATRIX AND SET UP THE DISSATISFACTION VECTOR

CALL F4

1SET=1 .

ISETA=U

IF (NTHRULEQ.1) ISETL1=)

DO 230 uzl,NW
B(J)==CL*HNEW(J)

CONTINUE

117=19

CALL FPRNT(LTT)
EVALUATE THE INVERSE AND ADU ON THE CORRECTIUNS

CALL MINVDP(AAI'NQeKeXrwi2,12)

IF (K+E@,1) 6V TO 1500

A-15



240

250

255

260

270

CALL CURVEC(AA»BsNWHNEW)

1T1=17

CALL FPRNT(1T1T)

CALL ITER

KOUNTSKOUNT+1

D0 240 uz=1,Nu
HICKZ2(J)=HICK (V)
HICK (J) SHNEW ()

CONTINUE

CIOLLZ=CIOLD

CIoLL=CI

HNOZ2=HNO

HNO=HNN

0 TU 160

LF(CL+EQCRAT) 60 TO z€g

ISET=ISET+)

ICOUNT=ICOUNT=~1

KOUNTZKOUNT+1

DO 260 Iz=1sN
DEPU(I)=BACK(I)

CONTINUE

IF(ISET.LE.2) CI = ClULD

TF=TFB

CI=CI=CRAT

IF(CI-LToCRAl) CI=CRAT

PO 270 J=1,NQ
HNEW(J)SCI*HICA(J)/7CTOLD

CONTINUE

1T7=L7
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CALL FPRNT(ITT)

CALL ITER

60 TO 5
280 IF(ISET1.EQe.l) GO TO 1000

IF(ICOUNT.LT+2) 60 TO 2000

ISET1=1

DO 285 [=1,N

BACK (I)=BACK21(1I)

285 CONTINUE

DO 290 J=1l,Nu

HICK(J)= HICKZ2(Y)

290 CONTINUE

cloLD=CiouLpe

TFB=TFB2

HNO=HNO2

ISET=V

ICOUNI=ICOUNT~1

GO TO 255
300 CONTLINUE
310 IF(IFL.GI1.2) GO TO 320

IF (HNNWLTeFL2) KEY=1

IF(KEY+EQe1) GO TO 100

FORM THE MATRIX AND SET UP THE DISSATISFACTION VECTOR

520 CALL F4
(TT=19
CALL FPRNT(1TT)

CALL MLIPLY
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I17=21
CALL FPRNT(LTT)
HNOZHNN
CALL MINVDP{AA'NQeKoXrwi2e 12)
IF(KekWel) GU TO 150V
CALL CORVEC(AAsBsNQyHNEW)
CALL ITER
117T=15
CALL FPRNT(LTT)
60 TV 1860
70 WRITE(6¢71)
7L FORMA T (1HU, 19X, boH¥¥xxkxkakxxxkkxxk®x CONVERGENCE HAS BEEN ACHEIVED
LKA KKK KA AR KKK )
GO TO 35
1000 WRITE(6,1010)
1010 FORMAT (1HU, 19Xy 66H* xxxxxxxkkxkkkkx CONVERGENCE HAS NOT BEEN ACHEIVE
L0 k¥R KRR AR KRR KK )
G0 Tu 35
1500 CONTINUE
WRITE(6+1510)
1510 FORMAI (1HU41Xs22HTHE MATRIX IS SINGULAK )
G0 TU . luuu |
S CONTINUE
IF(TFeLTe 0sL0) 6O TU 1000
1F(ICUUN1oEQ;KK) G0 TO 1uuy
LF (KUUNT.£Q.KK) 60 TO 200U
RETURN
35 CONTINUE

KiK=2
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RETURN

END
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SUBROUTINE CURVEC(AsBeNQeC)

LOUBLE PRECISION A(NUYNG)»BINQ) rCINQ)

THIS ROUTINE TAKES THE MATRIX A MULTIPLIES IT TIMES THE VECIOR B

AND STURES THE RESULT IN THE VECTOR C.

DO 1V 1=1sNQ
ClI)=0.00
LU § JU=1l,Nu
C(NI=CLI)+A(ToJ)*B(J)
CONTINUE
CONTINUE
RETURN

END
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SUBRUUTLINE CRDPCH

PARAMETER Nz=8

PARAMETER IUNIT==3

COMMON/ INITAL/DEPO(N) » 109 IF PEPS
DOUBLE PRECISION DEPU¢ 109 IFPEPS
COMMUN/KPCH1/ IPCHe LHMAK
COMMUN/LEWALN/HNN » HMAX * NTHRU
DOUBLE PRECISION HNN¢HMAX
FORMAT (2025+16)

IF (IPCHJEQ, U)RETURN

IF IPCH = 0 REIURNs FOR IPCH NE U THE INII1IAL VALUES OF IHE
UEPENDENT VARIABLES: BEGINNING AND FINAL TIMEs AND THE MAXIMUM
NORM UF THE TERMINAL CUNSTRIINTS 1S PUNCHED OUT ON CARDS.
WRITE(IUNLIT»100)DEFO

WRITE(IUNIT100)TO»TF

WRITE(LUNLT»100)HMAX

RETURN

END
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SUBRUUTINE FPLEW(I)

PARAMETER N=8» NQz4s NS3z=2¢ KON=4

VOUBLE PRECISION TIMErPEG

UATA TIME/.58132256D2/1DEG/ «572957795135V825202/

PARAMETER NS=50¢ NS1ZDUs NSZz7, NSHENSS/2

COMMUN/CUNST/CON (KUN)

VoUBLE PRECISION COUN

COMMUN/STUFF / XMAX (NS4 #NS2) » YMAX (NS4 ¢ NS2) ¢ XMIN(NS4»NS2) » IT29YPLT?

1 YMIN(NSHPNSZ2) » STORB(NS192) » INDEX (NSZ2) » IWRT (NS2)
INFORMATION 1S STORED COLUMN=-WISE

COMMOUN/ INITAL/DEPO(N) v 10 TFrEPS

VoUBLE PRECISION DEPOr 1O IFPEPS
COMMUN/DIRYV/UEP (NoNQ) r TPR{N2 4y NW)

DOUBLE PRECISION DEPeYFR

COMMOUN/LEWALN/HNN HMAX ? NTHRU

pouBLEt PRECISION HNN»HMAX

COMMUN/EVAL/VIND DELT?ANDL

DOUBLE PRECISION VINUeVELI

COMMON/MIDTRZ Jr JKK A
CUMMUN/BCl/bACK(N)!BACKZ(N)'HICK(NN)vHICKZ(N“)oCIOLUrCIOLDZ'TFB'
1 TFB2¢ ICOUNTPKOUNT

uouBLkt PRECI&ION BACK'uACKZDHICK'HICK20CIOLD'CIOLDZ'TFBDTFBZ
COMMUN/NUM/STEP KEY e KR PPL L IPLT? LPRO

bousLlt PRECISION STEP

INTEGER PLT
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COMMUN/CUUNT/ME THOD s KL.OC K1B, K2B2 K3B s 126
DIMENSION X(NS&) Y (NS4)
UATA Al/.1E37/

VIMENSION STURA(NS/NSI#NSZ)
IPLT 15 THE FREQUENCY VF PLOTTING EACH POINT PER CUKRVE

PLT IS THE FREWUENCY OF PLOTTING EACH ITERAIION IF 0 OR LESS
NO PLOTIING IS VESIRED

IF(PL1-LE-0)RETURN
K=i~=4
GO TO (1vl0Ur291000301U024) K
i K1zl
IF(ICOUNT.EQe1l) K2=1
L=MOL (ICOUNT P PLT)
INDEX(KZ) =1
IWRT(KZ) = 0
REWINU 3
IF (ICOUNT.E@s1) GO TO 15
READ(3) STOKA
REWIND 3
15 CONTINUE

DO 20 IK=1,NSY

XMAX (IRsK2) = =Al
YMAX(IR/K2) = =Al
XMIN(IR)K2) = Al
YMIN(IR/K2) = Al

20 CONTINUE
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60 TO 5
2 K1lzK1l+l
INDEX(K2) = INDEX(K2) + 1
5 CONTINUE
X(1) = TIME*VINU
Y(1) = UDEG*UATAN2(UEP(/9s1) UEP(8e1))
GO TU 10U
6 CONTINUE
1T2=ICOUNT
IF(ICOUNT+EQe1¢URe LobWoeU) K2zK2+1
IF (K2+GTeNSZ) K2z=NS2
RETURN
4 STORB{ICOUNT?1)=ICUUNI
STORBIICOUNT »2) =HNN
RETURN
3 IF(JetWeU) GV TO 2
RETURN
1UU CONTINUE
DO 120 LL=1eNSY
Ld = L+ L
LK = LJ = 1

STORA(K1rLK?K2)

X(LL)
STORA(KLeLJIK2) = Y(LL)

XMAX (LLoKZ2) = AMAXL (XMAX(LL/K2) o X(LL))

YMAX(LLeoKZ) = AMAXL(YMAX{LL/KZ)Y{LL))

XMIN{(LLsKZ) = AMINL (XMIN(LLoK2) ¢ X{Ll))

YTMIN(LL,KZ) = AMINI(YMIN(LLsKZ),Y(LL))

12V CONTINUE

IF(K1eL1eNS +ANDe HKeNEs3) RETURN
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IWRT(K2) = LWK[(K2) + 1
IWRT(1) = MAXU(LWRT(1)»IWRT(K2))
WRITE (3)STORA

IF(KekQe3) GO TO 6

IF (ICOUNTEQe1) GO TO 130

READ(3) STOKA

BACKSPACE 3

130 CONTINUE

DO 140 LL=1/NSH

ks LL + LiL
LK = LJd = 1
STORA(L,LKeKZ2) = X(LL)
STORA(LeLUsKZ) = Y(LL)
140 CONTINUE
KL= 1
INDEX(K2) = LNDEX(K2) + 1
KETURN

© END
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SUBROUTINE FPLOY

PARAMETER Nbé:é

PARAMETER N5=50s NS1=DU, NS2z7s NSHH=NSI/2
COMMUN/STUFF/XMAX (NS% e NS2) » YTMAX (NSS4 »NS2) o XMININS4 e NS2) 0 IT2»VWPLT
1 YMIN(NSH»NS2) pSTORB(NSLs2) » INUDEX(NS2) » IWRT (NS2)
COMMUN/LEWALN/HNNe HMAX s NTHRU

DouUBLE PRECISION HNNrsHMAX

COMMUN/NUM/SITEP»KEY s KK PL T2 IPLT» IPRO

LouUBLE PRECLISION STEP

INTEGER PLT

COMMOUN/FLOTO/BCD (129NSJ)

DIMENSION A(32)9B(24)2C(6)sD(3) 2 X(NS) 1 YINS)»ISYMB(25)06(2) W0 (2)
DIMENSION STURA(NSeNSIPNSZ)

DATA Fli2/7112.5/

UATA (A(L) pI=19024)/1eE+1401eE+1302eE+1201eE+1101.E+1001,E+09

1 10E*UB'10E+U7!loE+Obt105*05'1.E+04'10E+p3'
2 loE*UZ'10E+01'10&*00'10E‘01'10E'U2010E'u;i
3 LeE=UU 2L eE=DDrLeE=DOr1eE=UT )1 E=UBrl.E~09/

DATA (B(I)I=1+32)/76H1eE+14»

[ N ¢ . \M)

OHLsE+10U»
6H1leE+U6»
QH10E+UZO
bHl.E=02¢
brleE=Ub>s

bHisE=10>
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6H1.E+13,
O6HL.E+09
6H1 E+0S,
6Hl-E+01
O6H1.E=U3»
6Hl =075

6H1l.E~11,

6H1+E+12y
OHleE+UB»
OH1leE+U4»
bHLE*+00
OHloE;UQ'
bH1.E~UB»

OHle.E=12»

6HL.E+11
6Hl.E+07»
bH1.E+0U3»
bH1.E=01r
6Hl.E~05»
6H1 (E~09s

6HL1E~13»



7 6HLeE=14s 6HLeE=15s 6H1sE=~16s 6HL.E=17/

DATA (C(1)91=1+06)/6HNURM V¢ 6HF THE » G6HTERMINe SHAL CONe

1 B6HSIRAINe 6HTS /

DATA (D(1)»I=1rU3)/76HITERATs 6HIUN CO» G6HUNT /

UATA E1/1+0E+06/9E2/1+0E=01/,(G(1)vI=1+2)/6HSCALE +»BHFACTOR/

DATA (ISYMB(1)s1=1925)71H1r1H2,1HS»1HY » 1HS e 1HO ) 1HT» 1HBp 1H9» 1HA» 1HI

LrIHCr1HDU? 1HE ¢ LHF » 1HG e AH1 # 1HW o 1HK » 1HL » 1HM ¢ LHN? 1HO ¢ 1HP » 1HG/

DETERMINE IF PLUTTING 1S VESIREU.
IF (PL1eLE«D)RETURN

VETERMINE THE MAXIMUM NUMBER OF CURVES 10 BE PLOTIED (K2).

LD = IT2 + 2 % ( PLT = 1)
LD = LD /7 PLT

K2 = MINO(LD/NS2)

KT = 1

IF(JPLTCEQ,U) KT = K2
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JWRTI = LwWwRT(KT)

1F JPLT IS ZERO == ONLY THE CURVE FOR THE CUKRENT ITERATION 1S

DESIRED, OTHERWISE PLOI ALL K2 CURVES.

DO 200 I=1yNS3e2

11 = (I+l)/e
LP = =]
REWIND 3

DETERMINE THE PLOTTING BOUNDARIES.

XR = XMAX(Il!KT)
XL = XMIN(I1eRT)
YT = YMAX(112RAT)
Y8 = YMIN(I1l!RT)

LF(KT.£EQeKZ) 0 10 115

DO 110 K=2sKe

XK = AMAX1(XRe¢XMAX(I1lrK))
XL = AMINL (XLe#XMIN(ILleK))
YT = AMAXL(YTeYMAX(I1¢K))
YB = AMINLI(YBrYMIN(ILlrK)?

110 CONTINUE

115 CONTINUE

DETERMINE THE SCALE FACTORS FOR X AND Y SUCH THAT Xe¢Y LT 1.k+06.

1-0

SX

5Y = 1.0
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XS AMAXL1(ABD(XR) »ABS(XL))

YS = AMAXL(ABS(YT)rABSIYB))

120 CONT INUVE
IF(X5.LT.E1l) GO TO 125
SX = SX*E2
XS = XS*E2
60 T0 120
125 CONTINUE
| IF(YS.LT.E1) 60 TO 130
SY = SY*E2
YS = YS*ER2
G0 T0 125
130 CONTINUE
c
¢ SCALE THE PLOT BOUNDARIES
c
. XR = XR*SX
XL = XL*SX
YT = YI%SY
YB = YB*SY
DO 150 J=1yIWKT1
WP = NS*(J=1)
c
o READ THE DATA TAPE.
C
REAU{3) SIORA
DO 14U K=KTsK2
¢
C SCALE THE K=TH CURVE FUR THIS GRID
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NP = INDEX(K) = JP
LF(NP.LTs1) GO TO 140
NP = MINO(NP’NS)

1SYM = ISYMB(K)

DO 135 L=1eNP

X(L) = STORA(L#IrK)*SX

n

Y(L) SIORA(L?1+],K) ST

135 CONTINUE

PLOT ALL DATA ON THE SAME GRID AND IF MURE DATA MUST BE REAW FROM

TAPE 3 *x PLOT L1 ALSO

CALL QUIKMLILPP XL/ XReYBrYTrISYM,
1 BCU(1r1)eBCD(121+41)sNP?X0Y)
LPp = 0
140 CON T ANUE

150 CONT INUE
IF THE VARIABLES WERE SCALED PRINT THE SCALE FACTORS ON THE GRID

IF(5X+6Te+5) ©0 TO 160

CALL BINDEC(SXoNCIWO(1)rWO(2))

CALL PRINT(474%, 5¢8,0,12+6)

CALL PRINT(578, 5¢8/0+NCsHO)
160 CONTINUE

IF(SY.6Tes5) ©0 10 170

CALL BINDEC{SYsNCoWO(1)eWO(2))

CalL PRINV{4749:,20s8,001206)
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170

20y

10

CALL PRINT(B70,20e8,0,NCsWQ)

CONTINUE‘
PLOT THE REMAINING GRIVUS
CONTINUE
DETERMINE IF THIS IS IME ENL OF A JOB

REWINL 3

IF(JPLT EQ,U) RETURN

PREPARE FOR SIMI-L0OG GKRIDS

CALL KSET(O)

CALL MODE(Qrl+808)
K1z=0

DO 5 1z=1r24

IF (HMAX.GEL,ALL)) GU TO 10
Kiz]

CONTINUE

K2=K1l
IF(K2eEQsD)K2=1
SET2=A(KZ2)
SET1=SET2*%1.E-08
KKK=FLOAT (KK)

IF(XKKeLTolUe) XKK = 10,
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30

FI1T=9UU/XKK
FIX=50.

LTl==112

CALL GRIDGN(100010002050Q00950,FITeFIT»5?5)

CALL PLOTL(1r1r0, e XKKRDETL1eSET2¢STORB(191)9STORB(102)¢ITie101HX) -

CALL PRINT(486,980r8000155D)
CALL PRINI (2092440U016032¢C)
JKZKK+1

DO 20U JI=1l,JK

I=di=~1

CALL LABELX(Ll»190)

CONT INUE

Kl=K2=1

PO 30 I=1+9

IFIX=FLX

CALL PRINT(SU»IFIXe8r09698B(14K1))
FIX=FiIX+F1T2

CONTINUE

CALL FI1LMAV(U)

CALL UMPBUF

CALL MODE(QrU,808)

RETURN

END
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SUBROUTINE FPRNT(I)
PARAMETER N=8 » NQ=4
COMMON/COUNT/METHOD »KLOC»K1B,K2B K38, 128
COMMON/TIMEK/XJ e XMEX » XN
COMMON/BCL/BACK(NY2) rBACK2 (NQ@¢2) » BACK3 (%) » ICOUNT » KOUNT
UOUSLE'PRECISION BACK»BACKZ s BACK3
COMMUN/DIRV/DEP (NoNG) » YPR(N» 4y NQ)
DOUBLE PRECISION DEPsYPR

COMMON/ INITAL/DEPO(N) ¢ TQ s TF» EPS
| DOUHLE PRECISION DEPO»TO»TFrEPS
COMMON/PRNT/SWCH
INTEGER SWCH
COMMON/EVAL/VIND»DELT ¢ INDI
UOUSLE PRECISION VIND,CELT
COMMUN/MIDTR/J» JKK
COMMON/NUM/STEP1KEY 1 KKe PLT» IPLT » IPRO
INTEGER PLT
DOUGLE PRECISION STEP
T COMMON/NMATRIX/ZA (NQPN@) P HING) » XF (NQ)
DOUBLE PRECISION ArHeXF.
COM&ON/LEWALN/HNNvHMAX'NTHRU

DOUSLE PRECISION HNNyHMAX
COMMON/NEWTON/CI »CRAT

LOUSLE PRECISION CI+CRAT
COMMON/TRL/ZE (NG ) » ISET

LOUBLE PRECISION B
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GO TU(Y0s100s900120»9Ur1300160,1400150015001759170090018099V»190,
A Y0r200r90924099U92209 90,190»90,110) » JSWCH
9U RETURN
10U WRITE(6r1U1) ICOUNT »XJ? AMEX
101 FORMAI (1H1s37Xe L4HBEGINNING THE ¢I3¢13H TH ITERATION #/»21X?
1 S1HTIME AT THE COMMENCEMENT OF FORWARD INTEGRATION IS
2 Fl2e4p/¢38Xe L/HELAPSED TIME WAS 1F12.4)
60 TV YU
110 WRITE(6r111)XJ
111 FORMAI (1HU,37Xs1BHTHE FINAL TIME IS 1F12,4)
60 TU 90
120 WRITE(69121)XJe XN
121 FORMAI (1HU,23Xr45HTIME AT COMPLETION OF FORWARD INTEGRATION IS
1 F12e49/938XsLIHELAPSED TIME WAS rF12.4)
G0 TU 90
130 WRITE(6,131) 7O
131 FORMA! (1HU,22X» 34HTHE WEPENDENT VARIABLES AT TIME = 1D25.16)
135 DO 13Y K2=1/NQ@s2
K3zKe+1
IF(K3,6T,NQ) 60 TU 137
WRITE(69136) (K1 pK2/DEP(K19K2) 1K1 oKIJUEP (K11K3) sK1Z17N)
136 FORMAT( //,(20XsI201R00201X9025+1694X91291X91291XrD25,106))
G0 10 139
137 WRITE(60138) (K1sK2/UEP(K1#K2)sK1zZ1vN)
138 FORMAT( 7/, (37Xe1291X21292X2D25016))
139 CONTINUE
G0 Tu 90
140 WRITE(6s131)VIND

60 TU 135
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150 IF(JeNE.U) GU TO 90U
WRITE(69151)JKKsVIND
151 FORMAT (1HU 24X L4HPRIN} COUNT = »I5¢SXe7THTIME = »025.16)
60 TV 135
160 N@lzNa=1
| NPEN=NG1
WRITE(6s161) LCOUNT #NUL
161 FORMAT (LHU,44X912913H IH ITERATIONs/ 925Xy 35HUISPLAYING FINAL TIME
~ LAND THE LAST +12,20H VEPENDENT VARIABLES )
WRITE(69162) TF» (K1rDEPU(NP+K1) »K1Z1sNQ1)
162 FORMAT (1HUy37XeSHTF = 1D25¢169/70(21X01202X0D25,1696X91212X9U25016)
L)
60 TO YU
170 WRITE(6s171) (KrH(K) rK=1pNQ) |
171 FORMAT (1HU»37X»30HTHE TERMINAL CONSTRAINT VEUTOR #//9(21X01202Xs
1 D25+16906Xs 121 2X9025416))
175 WRITE(60176)HNN
176 FORMAT(/922X»37THTHE NUKM OF THE TERMINAL CUNSTRAINTS +D25.46)
60 TV YU
180 WRITE(6,181)CI
181 FORMAT (/923X 3SHTHE FRACTLONAL CURRECTIUN CONSTANT +D25,16)
60 TO 9u |
190 WRITE(6+191)1COUNT» (KPH(K)rK=1sNG)
191 FORMAT (/9 33X»23HTHE CUKRECTLIONS AT THE ¢I2019H TH LTERATION #//0
n (21Xr1202Xe0D25¢1696X012¢2X9D25,16))
60 TU 90
200 WRITE(6,181)CI
WRITE(6,201) ISET ICOUNI

201 FORMAT(1HU»22Xs22HTHIS IS THE »+12032H TH ATTEMPT TO CORRECT FROM T
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210

217

219

220

221
222
225

230

AHE »I2s13H IH ITERATION )
G0 TU 19U
CONTINUE
WRITE (69 225)
DO 219 K2=1/N@r2
K3zK2+1
IF(K3,6T.NW) GU TO 217
WRITE(69136) (KL)K20A(K12K2) pK19K30A(K1IK3) 1K1=19NQ)
60 Tu 219
WRITE(60138) (KLrK2rA(K1rK2)rK1Z1,NU)
CONTINUE
G0 TU 90
CONTINUE
WRITE(6,230)
D0 222 K2=1/NQ@s2
K3=K2Z+1
LF(K3,6T,Ne) U TOU 221
WRITE(6r136) (R1oK2rA(K1rK2)rK1rK32A(K19K3)2K1=1/NQ)
o0 TV 222
WRITE(6r138) (K1rKZ2rA(K1PK2)rK1=1,NW)
CONTINUE
FORMAT(1HU»47X»12HTHE A MATRIX )
FORMAT(1HU 46X s L4HTHE A*A MATRIX )
60 TV 90'

ENU
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SUBROUTINE F1 S

PARAMETER N8y KONZ4

COMMON/CONST/CON (KON)

DOUBLE PRECISION CON

DOUBLE PRE;ISION WOGD » WOED » THe GM

E@Q;VALENCE (CON(1)+GM) , (CON(2) rWOGD) » (CON(3) rWOED) » (CON(4) 5 TH)

COMMON/UIFEQ/P(N) e TY(N) »T

DOUBLE PRECISION PoTYeT

'DbUBLE PRECISION XNN »DSQRT

T XNN= (WOGL-WOED*T) *DSART (TY (7) #%2+TY (8) **2)

PULYZTY (2) 4%2/TY (3)=GH/ TY (3) #%2=THATY (7) /XN

P2)==TY(L)RTY (2) /TY(3)=TH*TY (8) /XNN

P(3)=TY (1)

PlaI=TY(2)/TY(3)

PU5)=(((TY(2)%%2=2eD0%*GM/TY (3) ) *TY (7)) =(TY(L)*¥TY (2)*TY(8) ) +(TY(2)*
TY(6)))/(TY(3)*%2)

P(6)=0.00

P(7)STY(2)%TY(8) /TY(3)=TY(5)

P8I (=2 DOXTY(2)*TY(T)+TY (1) *TY(8)=TY(6))/TY(3)

-RETURN

END
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SUBROUUTINE F2
PARAMETER N=8, KON=4
COMMUN/CONST/CON(KUN)
DOUBLE PRECISION CUN
LDOUBLE PRECISION WOGL?WOEDe THeGM
EQUIVALENCE (CON{1)eOM)» (CON(2)2WUGD) » (CON{3) ¢ WOED) » (CON(Y)*TH)
DOUBLE PRECISION ReR2/H3I»DSART
COMMUN/DLFEQ/P(N) e TY(N) # T
DouUBLE PRECISION PeiVrel
COMMUN/MUDE/ZS(Ne3) t JAY!NU» JONE » ITWO» JIERRCT
LOUBLE PRECISION S
DoUBLE PRECLISION A(NeN)
IF (JAYWNE«2) GO TO 30
LF (NUeNE+1) 60 10O 15
DO 10 JUz=leN

S{Jr3)=eSDUX(SUUr JONE)+5(Jr ITWO))
CONTINUE
CONTINUE
J=3
IF(NUeEGQs 1) JSIONE

IF (NUeEQo4)J=ITWO

DO 25 I=1eN

VO 20 KzleN
A(lsKIZUSDO
CONTINUE |
CONTINUL

REZS{Tod) *%2+S (B J) %2
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R= (WwOGD=WOED*T) *DSQRT (R2)
R3=TH/ (R*R2)
“RES (%1 ) A
A(le2)=(2D0%S(29J))/R
Al193)=(2sD0*GM/R=S(20J) %%2) /R%k%2
AL T)Z=RI*S (8 J) %2
A(Ls8)ZR3I*S (7o J) xS (80 J)
A(2¢r1)==5(2¢4) /R
CA(292)=-S(1rJ) /R
A(293)Z(SLrJ)*S5(20 ) ) /R**2
A(&.?):Ré*S(?.J)*S(a-J)
Alzr8)==R3*5 (79J)**2
Al{3+1)=1.00
Al{4s2)=1.D0/R
All4r3)==5(2rd) /RX%2
A(Sr1)==(S(2rJ)*¥S(8rJ) ) /R**2
Al592)Z(24D0*S (291 *S(Trd)=S(11J)*¥S(89J)+S(69J) ) /R*%2
A(5913)S((6D0KGM/R=2.D0XS (20 ) %%2) %S5 (79 J)
1 +2.D0%5 (29 ) ¥ (S(1,J)*5(8rJ)=S(6H0J) ) ) /R¥%3
CA(H9H)=S(20d) /R¥%2
A(5.7)=(5(2.u)**2-2.00*GM/R)/R**2
A(5rB)==(S(1rJ)*S(2¢d) ) /R¥%2
A(T7+2)=S(8sd) /R
A(T7r3)==(S(2rJ)*5(8rJ) ) /R¥%2
A(T7:D)==1.D0
CA(7¢8)=5(2,J) /R
A(Br1)=5(8sJ) /R
A(B,2)==(2.D0%5(70J))/R

CA(Br3)Z(2eD0*¥S (20 J) 2SS (T4 J)=S(1eJ)*S(8sJ)+S(69J) ) /R*%2
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35
40

A({Bs6)==1,DU/R

A8y 7)==(2,00%5(2sJ) ) /R
A(8,8)=S(1,J)/R
CONTINVE

DO 40 I=1sN

P(I)=U.DU

DO 35 Jz=1leN
PSP I +A(L»J) xTY (V)
CONTINUE

CONTINUE

RETURN

END
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SUBROUTINE F3

PARAMETER N=8y NQ=Hs KUNZH
PARAMETER NQ@1=NQ=1
COMMOUN/CUNST/CON (KUN)

DOUBLE PRECLSION CON
COMMON/MATRLX/A (NQ?NQ) #H(NQ) 5 XF (NQ)
COMMUN/UIRV/UEP (N#NQ) » YPRUN? 4y N&)
DOUBLE PRECISION ArHeXFDEP?YPR

COMMUN/COUNT/METHOU 1 KLUC K1ByK2Br K38y 128

THIS ROUTINE DETERMINED THE DISSATISFACIION IN THE TERMINAL

VALUES OF THE DEPENDENI VARIABLE.

DO 10 J=1rnNGQL
HIJIZDEP (Jo 1) =RF (J)
10 CONTINUE
HING)=DEP (00 1) =XF (NQ)
RETUKN

END
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20

SUBRUUTINE F4

PARAMETER N=8, NQ=4%, KUNZ#%

PARAMETER NQl=NQ=l

COMMON/CUNST/CON(KON)

VOUBLE PRECISION CUN
COMMUN/MATRIX/A(NQrNG) 21 (NQ) » XF (NQ)
COMMUN/DIRV/UEP (N?NQ) » TPR{N? 49 NQ)

pouBLE PRECISION AsH»XFeDEPr YPR
COMMUN/COUNT/METHOD P KLOCrK1ByK2B1K3B) 128

DOUBLE PRECISION BU(NWeN)

YPR{Jr12Br1) CONTAINS Z=DOTe THE J CORKESPONDS TO THE I~TH H=DOT,
NOW PLACE THE NON=ZERVU ELEMENTS OF PARTIAL OF H WITH RESPECT TO Z
IN B

DO 20U J=1!N
D0 1U I=1lrNQ
B(leJ)ZULLO
CONTINUE
CONTLINUE
H(1s,1)=14D0
B(2,2)=1.00
B{(3s3)=1.U0

B{4s0I=1.00
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PLACE THE NG ELEMENTS UF H=DOT IN A(IsNG).

A(1eNU)ZYPR(1sI2B01)
A(2¢/NU)ZYPR(2,12Be 1)
A(3sNQ)ZYPR(3s12Bs1)
A(4INQ)SYPR(6y12B91)
VO 60 I=1/NG
DO 50 Juz1lrNGl
A(I¢J)=0.00
LzJ+l
uo 40 Ks1sN
ACLrJd)ZA(L2J)+B(IPK)*XDEP (KoL)

40 CONTINUE

50 CONTINUE

60 CONTINUE

RETUKN

END
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SUBROUTINE FS
PARAMETER NS3=2
COMMUN/PLOTO/BCD (12 NS3)

FORMAT (12A6)
READ IN THE LABELS FOR THE X ANU Y AXES
READ(S»2)BCD

RETURN

END
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SUBRUUTINE F6

PARAMETER N=8, Naz4, KON=4

COMMOUN/ CONST/CON (KUN)

DOUBLE PRECISION CON

DIMENSION PLACE(4)

COMMUN/MATRIX/A(NG?NW) v H(NQ) » XF (NQ)

UOUBLE PRECISION AsHrsXF

COMMON/ INITAL/DEPO(N) # TO» TF e EPS

DOUBLE PRECISION DEPOrTO»TFrEPS

COMMON/NUM/STEP 1 KEY 1 KR P PLT 1 IPLT » IPRO

DOUBLE PRECISION STEP

COMMON/COUNT/METHOD» I38s 128138

COMMUN/NEWTON/C ¢ DEL

LOUBLE PRECLSION CrDEL

COMMUN/LEWALN/HNN» HMAX ¢ NTHRU

DOUBLE PRECISION HNNe¢HMAX

COMMUN/KPCH1/ IPCH ¢ LHMAX

COMMUN/FLAG/FL1/FLZr IFL

DOUBLE PRECISION FL1rFi2

COMMUN/PRNT/SWCH

INTEGER SWCH/PLT
10 FORMAT (1H1,36Xs32HMETHVUD OF PERTURBATION FUNCTIONS ¢//

1 37X+ 32HTWO=POINT BOUNDARY VALUE PROBLEM ¢//)
20 FORMAT (1HU»32Xs40HINI1LAL VALUE UF THE DEPENUENT VARIABLES ¢//)
25 FORMAT(zox.13.3x.b25.1co4xp13.3x-025.1b)
30 FORMAT(1HU,32X»40HDESIRED VALUES OF THE TERMINAL VARIABLES +//)
40 FORMAI(1HUs39X»25HTHE INITIAL TIME INTERVAL ¢/920Xs6HFROM
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i D25.1601UH 7/ TO  ,025,16)

S0 FORMAT(1HU,25X»29HTHE INTEGRATION STEP SIZE IS ,D25,16)

60 FORMAI(1HU»19Xs01HTHE NUMBEK OF ITERATIUNS WiTH THE ADAMS=MUULTON
ACORRECTOR IS +15)

80 FORMA! (1HU,27Xe44HTHE MAXIMUM NUMBER OF ITERATIONS ALLOWED 1S »15)

90 FORMAT(1HU,19Xs41HTHE ACCURACY KEQUIRED FOK IERMINATION IS
1 D2Y.16)

100 FORMAI (1HU»22Xs»SHEVERY?15933HTH POINT WILL Bk PLOTTED FOR EACH

i 15012HTH 1TERATION )

110 FORMAT(1HU,26XsSHEVEKY» IS»42HTH POINT WILL Bt PRINTED ON EACH ITER

LATION )
120 FORMAT(1HO,39Xp23HPRINI CONIROL SWITCH = »12)
125 FORMAT (1HO 39X e 23HPUNCH CONTROL SWITCH = ¢12)

130 FORMAI (1HU 26Xy I2¢,50H SPECIAL INPUT CONSTANTS AND THEIR IDENTIFICA
LTIONS »/7)

135 FORMAT(23X)4A6911XrD25¢16)

140 FORMAT (1HU»38X»27HNORMAL CURRECT1UN PRUCEDURE )

150 FORMAT (1HU» 37X»31HFRACTIONAL CORRECTION PRUCEDURE ¢//0
1 20X94HC = 1D25,1696X96HDEL = ,U25:16)

160 FORMAT (1H0,30X» 33HMINIMUM NORM CORRECTION PRUCEDURE )

161 FORMAT(1HO,4UXs23HSTEPPED ALPHA PROCEDUKE ¢/920XsTHALPHA =9D25.160
1 YH GAMMA = »D25.16)

162 FORMAT (1HU 41X 9 22HSTEPPED BETA PRUCEDURE ¢/+20Xe 7THBETA = ¢1D25.16,
1 YH GAMMA = rU25.10)

163 FORMA! (1HU»4UX s 24HVARLABLE ALPHA PROCEDURE »/920Xe THALPHA = »
1 D25.16s6Xe3HY = »D25,10)

164 FORMAT (1HU,4UX»23HVARLABLE BETA PROCEDURE ¢/920Xs 7THBETA = »025.169
1 S5Xe4HP = »D25+16)

165 FURMAI (1H1)
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o

170
210
220

230

240

FORMAT(1HUOZ3X934HTHt MAXIMUM NORM IS ASSUMEVD TO Bt

FORMAT (20254 16)
FORMAT(1415)
FORMAT (4A6,1X¢D25.16)

FORMAT (2D25.16s4X9211)

THE FORMAT STATEMENTS UNDER 200 ARE FOR OUTPUT

THE FURMAT STATEMENTS UVER 200 ARE FOR INFUI

WRITE(6+10)

WRITE(6r20)

READ (5¢1210)DEPO

WRITE(6925) (JyDEPO(J) rw=12N)
WRITE(6/,30)

READ(39210)XF
WRITE(6¢25) (JeXF (J) prJ=2/NQ)
READ(D0210)TO,TF
WRITE(6240)T0 TF
READ(5¢210)STEPEPS

WRITE(6,50)STEP

'D25+16)

READ(S»220)METHOD ' KK IPLT 7 PLT» IPROPKEY » SWCH» LPCH» IHMAX

IF (SWCHONE,U) SWCH=1
WRITE(6,80)KK
WRITE(6¢90)EPS

WRITE (6+60)METHOD
WRITE(60100) LPLTsPLT
WRITE(6+110) IPRO

WRITE{(6,120)5WCH
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310

320

330

351

332

333

334

340

350

WRITEDe125) LPCH

GO TULA1U»3200350) P KEY
WRITE(Ds140)

6O TO 34u
READ(5¢210)CoDEL
WRITE(6s150)C,DEL

GO TO 34u

WRITE(60160)
READ(Sr24U0)FL1sFL2r IFL
60 TU(331033293339334) 0 LFL
WRITE(60101)FLLIFLRZ

GO TO 34U
WRITE(6,162)FL1IFLZ

G0 YU 340
WRITE(G6)163)FLLIFLE

60 TO 340
WRITE(6r164)FLLIFLZ
CONTINUE

IF (INMAX.EQsU) GO TO 345
READ(S¢21U)HMAX

WRITE(69170)HMAX

5 CONTINUE

NOKZKUN

IF(NUK.LE.0)G0 TO “UU
WRITE(69130)NOK

DO 35U 1=1,KON
READ(S»230) PLACE »CON( L}
WRITE(69135)PLACEsCONLL)

CONTINUE
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400 IF (SWCH.EQ+0) WRITE (60 165)
RETURN

ENU
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SUBROUTINE 7

PARAMETER N=8 ¢ NQ=H

PARAMETER NFEN-NQ
COMMUN/DIRV/DEP (NoNQ) » YPRIN» 4o NW)
DOUBLE PRECLSION DEP» VPR

COMMUN/ INITAL/DEPO(N) # 10 TFPEPS
LOUBLE PRECISION DEPOUe 102 TFIEPS
COMMUN/MUDE/S(N» 3) r INNLY)

DouBlt PRECISION S
COMMUN/EVAL/VIND DELT» INDI

DOUBLE PRECLISION VINUPWELT

SET UF THE INITIAL CONUITIONS FUR INTEGKRATION

VIND=I0
00 25 J = 1N
VEP(Jrl) = DEPOLY)
S(Jrl) = VEPO(Y)
DO 25 JAT=EsNQ
DEP(JrJAY) = U,00U
CONTINUE
U0 30U Iz=2+Ng
JENP+H]
DeP(Jrl)=1leUDU
CONTINUE
RETURN
END
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SUBROUTINE INTEG

PARAMETER N=&

COMMUN/MIDTR/ Je JKK
COMMUN/NUM/STEPsKEY s KK?PLT ¢ IPLT ¢ IPRO
DOUBLE PRECISION STEP

INTEGER PLT
COMMON/COUNT/METHOU » ILUC» 118, 128 138y K28
COMMUN/LUGIC/BOOL,

LOGICAL BOOL

COMMUN/EVAL/VINDyDELT?ANDI
uouéL:,PREcxsxom VINDPVELT
COMMUN/MUDE/S(N?3) ¢ JAT ¢ NU» JONE » ITWO» IERRCT
DOUBLE PRECLISION S

COMMUON/ INITAL/DEPO(N) » 112 T20EPS

DOUBLE PRECISION DEPUs 11eT2IEPS

DOUBLE PRECISION XNrsEKK

DATA ERR/3,00/91ERR/ S/ 0 JERR/9/

MAIN INTEGRATION RUUTINEs THIS ROUTINE USES A RUNGE=KUTTA STARTER

AND AN ADAMS PREDICTUK=CORRECTORe THE LAS] STEP IS5 ALSO DONE WITH

A RUNGE=KUTTA,

DELT = STEP/ERKR
B00L = FALSEe

IKEY = 1

A-51



1y

11

12

InDlI = 1
I = 1
IONE = 1
ITwO = 2
IERRCT = 1
IiLoC = 1
I1b = 2
I28 = 35
136 = 4
VING = T1
LTHL = JERR

DO 35 UKK = I482LTHL
Kety = [LOC
IF(LTHL.GT,JZRR) 6O TO 10

IF(JKK,NE.4 4AND.

JKKeNES7) GO TO 15

JKL = JUKK/IERR

G0 TOo 11
CONTINVE
JKL = UKK = 1
CONTINUE
J = M0G(JKL, IPLT)
IT1=9

CALL FPLEW(ITT)
IF(IPRULLELO) GO TO 13
J = MOD(JKL»IPRO)
CALL FPKNT(ITT)
IF(IKEY.EQe2) GO TO 20
CALL INTRKS

I 50 TO 4
F(300Lk) 6O T 0 A-52



2v CALL ABAM

2b

v

1

&

5

Ly CONTINUE
K25 = 128

4% CONTINUE
RETURN

END

IF (UKK<EQ.LTHL) GO TO 30
IF(IERRCT.EG-IERR) GO TO 25
"IERRCT = IERRCT + 1

GO TOo 35

XN = T2 = VIND

IF(XNoLE.0.D0) GO TO 45
IF(XNeGE.DELT) 60 TO 35
DELT = XN

IKEY = 1
60 To 35
IERRCT = 1

I28 = 128 = 1

60 TO 35

IKEY = 2
CUELT = STEP

148

I
=

i
&)}

128

LTHL = (T2 = VIND)/DELT + 4.0D0*ERR

GO TO 5

CCONTINUE
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SUBROUTINE INTRKS

PARAMETER NzUs NQzH

__COMMUN/EVAL/VINU_O_Q;LT'1ND;w B o -
POUBLE PRECISION VINU'UEE} o B -
COMMQN/DIFE@/PSNE'PEPVAR(ﬂ)'XN7"“ - o
DOUBLE PRECISION PoDEPVARIXN
COMMON/DIRV/UEP (N1NG) ¢ TPRINIHING) -

_VOUBLE PRECISION DEP/YFR

COMMUN/MWDE/S (N»3) » JAY 1NU» TONE » ITWO» TERKCT

DOUBLE PRECISION S

DOUBLE PRECISION XIP(N)

COMMON/LOGIC/BOOL,

LOGICAL BUOL

COMMON/CUUNT/ME THOU » ILUC» 118, 128+ 13B/K28

DOUBLE PRECISION A(4)+ P1(4)

DATA (A(d)od=104)/Uclbbbbﬁb6666§666700p 9153Q3333§9§§;;§33009

163333533933353333DU» « 106060606660066667DU/
DATA (P1{J)rJz=194) /70000050000 eDD0r10DU/

DATA LERR/Z3/

THIS ROUTINE PERFORMS A RUNGE=KUTTA INTEGRATION

NSz=NU
Do 90 JAY_: 1eNS
XN = VIND
ISAV = INDI

U0 10 Vv = 1IN
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1u

15

is

30

Gy

55

6u

CONTINUE

N =1

XIP(J)=0.000

VEPVAR(J) = DEP(JrJAY)

IF(JAYsNEel) GO TO 17

CALL F1

60 70 18

CONTINUE

CALL F2

CONTINUE

CALL F1

IF(ISAV.EQe2) 60 TO 30

ISAV = 2

DO 20 J = 1,N
YPRUJr4eJAY) = P(J)

DO 35 J = 1,N

XIP(J) = AINUI*P(J) + XIP(J)

JIFGHU = 4) 40r 55, 55

U NU + 1

XN VIND + P1(Nuy)*DELT

U0 50 J = 1,N
DEPVAR(J) = DEP(JrJAY) + PLINU)*DELT*P(J)
60 To 15
DO 60 J = 1,N
DEP(JrJAY) = DEP(JrJAY) + DELT*XIP(J)
DEPVAR(J) = DEP(JrJAY)

IF(JAYSNEs1) GO TO 70

U0 65 J = 1,nN

S(JrITWO) = DEPVAR(J)
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70 CONTINUE

75

80

90

CALL F2

RETURN

END

60 TO 75

IF(BOOL) 6V TO 76
IF(JERRCToNE. LERR) 60 TO 90
VO 80 & = 3¢N
YPR(J?» I2BrJAY) =.P(d)

CONTINVE

INDI = 2

VIND = XN

1SAV = JONE

IONE = ITWO

ITWU = ISAV
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TEUBROUTINE 1TER

T PARAMETER N=8 » NQ=4

30

PARAMETER NG1=N@=1r NPEN=NQ+1
COMMON/MATRIX/A (NQeNQ) rH(NQ) » XF (NQ)
DOURLE PRECISION ArHrXF

COMMON/ INITAL/DEPO(N) » TO» TFeEPS

DOUBLE PRECISION DEPO»TO»TFeEPS
THIS ROUTINE ADDS THE CORRECTION ON THE INITIAL DEPENDENT VARIABLE
AND FINAL TIME.

TF = TF + H(NQ)
DO 30 I=1»NQ1
JZ NP + 1
DEPO(J) = DEPO(J) + H(I)
CONTINUE
RETURN

END
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" SUBROUTINE MINVOP(AsNsKeXed2,12)

CHx

C*xk
o FTL
CHoekk
C * ok %
CHxxk
Cxx

C*

C*

C*

Cx

MATRIX INVERSION ROUTINE=FORMULATED BY Ee Geo CLAYTON

=== CALLING SEQUENCE =w=

CALL MINVDP (A»N»ErK)

A==SQUARE ARRAY (DOUBLE PRECISION) CONTAINING ORIGINAL MATRIX

N--ORDER OF ORIGINAL MATRIX

E--TEST CRITERION FOR NEAR ZERO DIVISOR (DOUBLE PRECISION)
K==LOCATION FOR SINGULARITY OR ILL~CONDITION INDICATOR

K=0 =) MATRIX NONSINGULAR,

K=1 =) MATRIX SINGULAR (OR ILL=CONDITIONED)

UOUBLE PRECISION ArXeBIGAYDIV

DIMENSION A(NeN) o X(N) »J2(N)»TI2(N)

UATA E/.1D=-17/
INITIALIZATION
M=N

K=0

12(1)=0

J2(11=0

HEGIN COMPUTATION OF THE INVERSE

DO 1D LzleMm
Llzi=1

BIGA=U.0LO

LOOK FOR THE ELEMENT OF GREATEST ABSOLUTE VALUE/,CHOOSING

ONE FROM A ROW AND. COLUMN NOT PREVIOQUSLY USEu.

W0 5 I=1eM
L0 1L Id=1eLd

IF(I=I2(13))1e5s1
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Cox

C*

Cx

S D0 2 I3=1.L1

‘CONTINUE

DO 4 Jz=iM

IF(J=J2(13))2el4s2

CONTINUE

 IE(BIGA=UABS (A(LsJ)))3e3ek

L‘E'f

1u
11

BIGA=DABS(A(IJ))

Jizd

il=1

CONTINUE

CON%INUE

TAG THE ROW AND COLUMN FROM WHICH THE ELEMENT IS CHOSEN.
Je(Ly=dJdi

12(L)=11

UIvzA(ILl,Jd1)

TEST ELEMENT AGAINST ZERO CRITERION.
IF(UABS(UIV)-E)221v221'&
PERFORM THE COMPUTATIONS

P00 7 J=1M
A(IL»J)=A(I1+J)/DIV

CONTINUE

All1rd1)=1.000/01V

U0 11 I=1lM

IF([1=1)8+11,8

U0 10 J=1eM

IF(J1=4)9+106,9
A(LrJJ)=A(IeJd)=A(ILrJ)*A(IsJ1)
CONTINUE

CONTINUE A-59



C*

Cx

13

14

in

17

16

1v

24

22l

IN

DO 1% I=lwM

IF(I1=1) 13914,13
ACIeJl)==A(IrJ1)*A(I1sJ1) S T T
CONT INUE

CONTINUE

COMPUTATION COMPLETE AT THIS POINT

UNSCRAMBLE THE INVERSE

00 168 Jz=leM

DO 16 I=1sM -
I1=12(I)
Jl=y2((1)
K(J1IZA(ILsd)
CONT LUE

DO 17 IziemM
ACTod)=A(I)
CONT INUE
CONTINUE

DO 21 Izl
2O 1Y JzleMm
11z12(J)
Jl=u2(J)
ACLL)=A(1rJ1)
CONTINUE

U0 20 JzleM
Alled)z=x(J)
CONT LNUE
CONTINUE o
RETURN

K=1 A-60



RETURN

© END
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C sTePPEL=-aALPHA TECHNIQUE

5UBROUTINE "MLTPLY

PARAMETER NQO=4
COMMON/FLAG/FL1sFL2y IFL

UOUBLE PRECISION FL1sFL2
COMMON/LEWALN/HNN » HMAX # NTHRU
DOUBLE PRECISION HNNyHMAX
COMMON/MATRIX/A (N@2NQ) »C(NQ) » XF (NQ)
DOUBLE PRECISION ArCrXF
COMMON/TRL/D(NQ) » ISET

DOUBLE PRECISION D

DOURLE PRECISION B(NQ/NQ) »BETArBMAXsALPHA
DATA BETA/Z0.1D=03/

LO 10 I=1,NG

O 1U Jz=lepw

s(I,J4)=0.0D0

DO 1U K=1lsNQ

BlI,J) = 3(Ird) + A(Kr1)*A(K, D)

Lo 35 Iz1NG

IF (3(Is1) «6T. BETA) G0 TO 35
BMAX=0.0D0

00 30 L=1eNQ

IF (B(LsL) «6T. BMAX) BMAX = B(LeL)
CONTINUE

B(ls,1) = BMAX

> CONTINUL

G0 JU (50:80:150.150) ¢ 1FL
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50 DO 6V I=leNQ

60 B(Iv1)

= B(lel) + FLI*B(Ir1)

GO TV 300

c SThPPED'BtTA'TECHNIQUE

80 DO 85 I=1eNQ

85 B(I,1)

= B(IrI) + FL1

60 TO 300

C VARIABLE=ALPHA TECHNIQUE

150 ALPHA

IF (ALPHA LT, 0,000) ALPHA

FL1 * (HNN/HMARX) %%FL2

IF (ALPHA ,GT. FL1) ALPHA

IF (IFL «EQes %) GO TU 180

Do 160

160 B(Is1) = B(lrl) + ALPHAXB(1r])

I=4,NQ

GO TO 300

C VAKLABLE=BETA TECHNIQUE

180 DO 185

185 B(I,1)

'I=19NN

= B(IrI) + ALPHA

C STURAGE MATRICES

300 po 31v
b =
Lo 31v
310 D(I) =
Lo 330
DO 330

330 A(I.J)

RETURN

END

I=1oN0

UV

J=1NG

D(I) = A(JeTI)*CLY)
IS1loNu

L=l pNQ

= B(Ird)
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G
Py —

FLOW CHARTS

MAIN PROGRAM FOR MPF

PARAMETERN=8,NOz4 ,KON=4 ,NS3=2

TRANSFER TO SUBROUTINE

PARAVETERNS=50,NS1250 .NS2=7 ,NS4=NS3/2 Fs CoNTINUE
a(mvsma TO SUBROUTIN XMEX=0..0 TRANSFER TO SUBROUTNE FOR
RESET NTHRU=1 Fe Jz1,141,...,N

403
CONTI [ ]
mg}f ARANSFER TO SUPROUTING TRANSFER TO SUBROUTINE
KON T ———)llcumm H 1COUNT= ICOUNT 1 CRD TI;E
CIOLD=CI
-

XJ=J TRANSFER TO SUBROUTINE
XJ=xJ/1000.0 TRANSFER TO SUBROUTINE : i :

XK=XJ F1 T=1 PRNT T=5

XMEX=XJ-XMEX

1T

TRANSFER TO SUBRQUTINE

FPRNT
IT

TRANSFER TO SUBRQUTINE

FPLEW
IT

TRANSFER TO SUBROUTINE 1T=1
INTEG -

TRANSFER TO SUBROUTINE

FPRNT
IT

TRANSFE'R TO SUBROUTINE

FPLEW
IT

XJ=J
NSFE B, A
TRANSFER }?‘: ROUTINE XJ=X3/1000.0
:l XNzXJ-XK "
XMEX=XJ

TRANSFER TO SUBROUTINE

TRANSFER TO SUBROQUTINE

2 35

FPANT CONVRG "TRANSFER r-:l:l)_ (;\‘JHRQYT(NI-.
IT KIK ] 2
COMPUTED GO TO 35
”“011’“ hx\lliwh ml‘:é""R TRANSFER TO SUBROUTINE TRANSFER TO SUBROUTINE
1s STATEMENT i FPRVT
1 5 J o




! 40 I )
(mwsmar?ﬁmmmﬁ__,l CONTINGE l-_-)loo 103 l
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\

. SUBROUTINE ABAM

PARAMETERN=g, NQ=4 REPEAT'TO 40
b
| vax-;v:l‘;ﬂ:)N;PBUl‘ JAY=1,1+1,...,N8 J=1,141,...,N

DEPVAR(J) zDEP(J , JAY) +DELT(B( 1 )¥YPR(J, [38, JAY) +B( 2)%YPR(J, 128, JAY) +B( 3)¥YPR(J,
11B,JAY) «B( 4 }XYPR(J , ILOC,JAY) )

(o]

XIP(JI)=DEP(J, JAY) +DELTR(AC 1 DRYPR(J, 138, JAY) +A(2)XYPR(J, 12B, JAY) +A( 3)KYPR(J, 1B
LJAY) sAC4IRYPRAJ, ILOC, JAY))

/

!

I 12 |
| CONTINUE

,lmvsma n;lsuamma 0 10 14 I I_—)E“ANSFER 'ngS)BRQJTINE

JAY NE )

25
YES
l 22 I I 24 I A
l TRANSFER 1glsyﬂkan‘mr. 60 TO 24 I icm*rmue l [ TRANSFER ?zsmarrmh CONTINUE I l m\v.m.q NO.

I 30 I
YPROJ, V3R, =PI }-——-)

REPRAT TO 30
FOR
Jz1,140,...,N

-——{IS.—\V:IS\V-\ Hm ™ 15 ‘
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] 40 l g
INUE 11B=1L.0C | :
138v=138 oo [ rmvo-say |,
138z128 1SAV= IONE (e R
128=118 TowE=TTWO :
N
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SUBROUTINE CONVRO(KIKY

[sr.‘-\kr Hmmmm:a,uo:q—wm"m“ 10 SUBROUTINE

[ ]

RNN=HNNHNEW( J) (HNEW(J) TRANSFER TO SUBROUTINE
HNN=DSQRT(HNM) FPRNT
iTr=11 ITT

TRANSFER TO SUBROUTINE

‘1rr

A [a ]

50
____* NTHRU.EQ. 1 }-ES-;llukm CONTINUE }———)l HAAX=DMAX ] (HMAX  HNN) I-—-—) is

, COMPUTED GO TO
IF THE VALUE  TRANSFER
OF KEY .10
STATEMENT
1 100
2 200
3 300

100

REPEAT TO 130

| 150 |

[ 130 |

FOR

B(J)=-HNEW(J)
J=1,1+1,...,NQ

%mqsn‘-:a TO SUBROUTINE
F4

CONTINUE CONTINUE

TRANSFER TO SUBROUTINE
MINVDP
AA,NQ,K,X,J2,12

TRANSFER TO SUBROUTINS
CORVEC
A, B NO,HNEW

FPRNT
iT?

TRANSFER TO SUBROUTINE

REPEAT TO 130
For
Jzi, b, ...

‘ TRANSFER TO SUBROUTINE
ITER

NQ

XN=DIBSIHNEW(J))

NO
i

h) | 130 l
__—{XT.GI‘.HPS I_lﬁi_{m_: CFALSE.

CONTPENUE J———-}
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/ @ 0 G 10 G0 T
10 . 220 250

S ¥ YES

200 : )
[HNN,LE.EPS.AND_B(XL l.m.a| mmu:cho T s'| lcourlum I__;lsmau_m.n '_un_,l HNN ,GE HNO I.ua_l

210 NO
CONTINUE
FOR BACK 2( J) =BACK(J) iy - CT.GT.1 50 -
2=TFB C1=C1.CRAT .GT.1. Cl=1.Dp
J=1,1¢1,...,N 1 BACK(J)=DEPOLI) il —')l I———J' |JES.)|
AN
220 NO

REPEAT T0 230
FOR B(J)=-CIHNEW( J)

' E{musmnmsmmmﬁ] ] 15811 _)lsnm.so.lllﬂs-){ aT1= l-a
Fa 1SET1=0 188T=1

J=1,1+1,...,NQ

y
o 10
1300
230
CONTINUE TRANSFER TO SUBROUTINE TRANSFER TO SUBROUTINE TRANSFFR TO SUBROUTINE
1TT=19 | FPRNT MINVDP CoRvEC
T AA,NQ,K,X,J2,12 AA B, NO,HNEW

REPEAT TO 240

TRANSFER TO SUBROUTINE

.
FPRNT TRANSFER }?E&JHRQJ'NNE KOUNT=KQUNT | FOR
ITT R Jz1,1¢1,...,NQ
6 T
280
240 =
CONTINGE [ z0 | i3
HICK2(J)=HICK(J) Py HNO2=HNO | | I TINUR CLEQ.CRAP | NO
HICK(J) zHNEW( ) C'g‘[gf;é?ﬂ HNOHNN —-)lco 0 180 m\rmm}——)‘ l_.n_,
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m A

ISET=1SET+1 REPEAT TO 260
FCOUNT= ICOUNT-1 FOR DEPOK 1)2BACK( 1) HONTINLB I——!['SBP LE. 2 cn:cnou)
KOUNT=KOUNT+ 1 I=1,141,...,N

NO

TRANSFER TO SUBROUTINE
FPRNT
1rr

s 210
TP=TFB ___,[cx.m.cmr |.xEs;L_ . - | conTINUE
Ci=C1-CRAT CI=CRAT ~ . HNEW( J)=C I4H IOK () /CTOLD 1TT211
J=1,1+1,...,NO
6 10 60 TO
1000 1000

YES YES
280

A A
TRANSFER &:ﬁmws) i % 10 5] lcourqu Hlsﬁm £0.1 I.m_,li T.LT.2 I.:n_a

REPEAT TO 283
FOR

235
BACK( 1)=BACK2( ) H CONTINUE

REPEAT TO 239
FOR
Jz1,148,...,N

HICK{ ) =HI0K2( D)

290
CONTINUE

300 | a0 |

CIOLD=CiOtD2

TFB=TFB2
HNO=HNOZ

1SET=0
ICOUNTz ICQUNT-1

HFL.GT. 2

———alm TO 255

rCQ*TNUF }-—:*3‘3 PINUE

GO TO
100

A{ES 320

3
L__,_)l HN_LT.FL.2 I'msaLKEY"

SN " ) TRWSFER TO SUBROLTTINE
KEY.FO.1 TRANSFER TO SUBRAUTING 5 FPRN T ™
P4 ver

THANSFER 1O SUBHQUTING
MLTPLY

TRINSFER TO SUBRUTINE
FPRNT
ITe

HNOzHNN

fm\\‘sr‘r’ll TO SUHRX TN
MENVDP
VL VK X2, 12
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TRANSFER TO SUBRCUTINE TRANSFER TO SUBROUTINE

CORVEC TRANSFER }‘T’BRW"“E ITT=15 PPRANT
An,B,NQ, HVEW 17T
. I 70 I i 1000 I
0 TO 160 y waiTe(s,71) [—3 00 10 35 | y WRITE(6,1010) |— 00 10 35 |
G 10 % 10
1000 1000

YES YES
| 1500 | s 1]
m WRITE(6,1510) H GO TO 1000 l [courmus l——-)l TF.LT.0.Do I-—‘m—el FCOUNT.EQ.KK l—’ﬂ—;

ZBC-DmD

R
B
T
Y
R
N
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SUBROUTINE CORVEC(A,B,NQ,C)

REPEAT TO 10 . l 3 l
FOR FOR CCH=COI)+ACT, ) #BCI) Hgom'mua |——-)
J=1,121,...,NQ

A<72



SUBROUTINE CROPCH

X WRITE( IUNIT, 100)DEPO

m PARAMETERNzg |
PARAMETERIUNIT=-3

ZRC-RD

\——{wmm( IWNIT, 10070, TF }—)*—4 WRITECIUNIT, 100)HMAX ‘———l

ZACH®mN
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START

PARAMETERN =g ,NO=4 ,NS3=z2,KMN=4
PARAMETERNS=50,NS1=50,NS2=7 ,NS4=NS3/2

ZmC-mD

£=M00C ICOUNT, PLT)
INDEX(K2)=1
IWRT(K2)=0

GO 10
IP THE VALLE TRANSFER
or

NGB WNBRR
[Y)

1
100
100

REPEAT 1O 20
FOR
IR=1,1+1,...,N8%

XMAXCIR,K2)=-A} 20

XMINCIR,K2)=A1 CONTINUE

YMINCIR,K2)=A1

[= ]

GO TO 5

K1=K1+1

INDEX(K2) = INDEX{K2) +1

[s ]

CONTINUE

X(1)=TIMEX*VIND

———iE ™ 100J lcmrmuEJI
¥4 1)=DEGHDATANZ(DEP(7,1) ,DEPL 3, 1))

NO

———)[Trzﬂcam‘H ICOUNT.£Q.1.0R.L..FQ.0 I—-‘ma[ K2=Kz+1

[ ]

STORBCICOUNT, 2) =HNN

STORBCICOUNT, 1 )= ICQUNT

B
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GO TO
2
YES R

B =LLeLe,

J.EQ.0 T =ld-1
U STORA(K1 ,LK,K2)=X(LL)
R STORA(K1 ,LJ ,K2)=Y(LL)
N

XMAXCLL K2) =AMAX 1 (XMAX (LL,K2) ,X(LL)) l 120 |

YMAX(LL,K2) zAMAX Y CYMAX(LL,K2) , Y(LL)) p—
XMINCLL,K2)=AMIN] (XMINCLL,K2) ,X(LL)) _"’I

YMINCLL,K2) =AMINT (YMINCLL ,K2), Y(LL))

IWRT(K2)= IWRT(K2) +1
IWRT{ y ) =MAXO( IWRT( 1), IWRT(K2)?

WRITE( 3) STORA

I 130 l
—alamo( 3)STORA I——a[ CONTINUE

REPEAT TO 140

FOR
1L=1,1+1,...,NS4

LI=zfbebl, - 140

{ LK=LJ-1 1 -
STORAC1,1K,K2)=X(LL) CONTINUE

STORAC] ,LJ,K2)=Y(LL)

Ki=1

INDEX(K2)= INDEX(K2)+1

ZTCHIDD




R
B LD=IT2+2¥%(PLT-1)
m PARAMETERNS3=2 ‘ T LD=LD/PLT
! PARAMETERNS=z50,NS1=50,N52=7 ,NS4=NS3/2 v K2=MINO(LD,NS2)
R KT=1
N
REPEAT TO 200
= /a
IWRT1 = IWRT(CT FOR Ti=t1+1)/, | Mo
f21,1+2,...,N83 LP=-1
G0 10
115
XR=XMAX( 11 ,KT) REPEAT TO 110 XR=AMAX 1 (XR, XMAX(I1,K)) [ 110 l rllS —l
XL=XMINCI] KT FOR XL=AMINY (XL, XMINCI1,K))
YP=YAX( 1) ,KT) h=z,201, ... ,K2 YT=AMAX1 (YT, YMAXC 11 ,K) ) alcom-m;sl ’l“’”"“”‘gl ?
YBzYMINCI1,KT) YB=AMING (YB, YMINC11,K))
SX=1.0 I 125 |
8Y-1.0

XSzAMAX1 (ABS(XR) ,ABS(XL))
YS=AMAX1(ABS(YT) ,ABS(YB))

SX=SX*E2 * J L
XS=XS*E2 GO TO 120 CONTINUE I——a

[ 130 ]

A3\ . CONTINUE - REPEAT TO 150
YS.LT.E1 SY=SYxeiz S YP=YTHSY For
- YS=YS#3 | GO TO 125 XR=XRESK YB=YiksY

XL=XLASY Jzi, 1), .. ., IWRTY

JP=NS%(J-y)

REPEAT TO 140
FOR
K=KT,KT+1,..

RPADC 3) STORA

NP= INDEX(K) -JpP
.4 K2
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REPEAT TO 135 '
FOR | X(L)=STORA(L, I K)*sX |
Y(L)=STORA(L, 151 ,K)*SY

NP=MINO{NP ,NS)

1SYM=1SYMB(K) CONTINUE

.. sNP

TRANSFER TO SUBROUTINE I 140 l I 130 l

: QUKL Lp:ﬂ—)l cmrmuEH CONTINUE
LP,XL,XR,YB, YT, 1SYM,BCD( 1, 1) ,BCD( 1, 151D NP X, ¥

G 1O
170
[Ce0 ] AT
TRANSFER TO SUBROUTINE TRANSFER TO SUBROUTINE TRANSFER TO SUBROUTINEY .
BINDEC PRINT PRINT CONTINUE ]——al SY.GT..5 l—i"ﬁ
8X,NC,W0( 1) ,WO( 2) 474,5,8,0,12,G 578,5,8,0,NC,w0
. A | 110 | | 200 |
TRANSFER TO SUBROUTINE TRANSFER TO SUBROUTINE TRANSFER TO SUBROUTINE
BINDEC PRINT PRINT CONTINUE I—al CONTINUE
SY,NC,WO(1) ,wO(2) 474,20,8,0,12,G 578,20,8,0,NC,W0
NO '
AN TRANSFER TO SUBROUTINE TRANSFER TO SUBROUTINE
JPLT.EQ.0 RSET wOE m
0 0,1,9,8
GO TO
10

REPEAT TO 5
FoR
Iz1,1¢1,...,24

YES :
A [ o] A
HAAX .GE A l)MKl:l I___,[CQ\,-NWE HK2=K| H‘Z-*"’-“Pﬁﬁezl




N

Jo /

SET2=A(K2? FIT=900./XKK TRANSFER TO SUBROUTINE
SBT1=SET2%1 .E-08 ———9[’0“-“'-10- I—msal)u«uo. . FIX=50. GRIDON
MK =FLOAT(KK) IT1=-1T2 100,1000,050,0950,PIT,FIT,5,5
TRANSFER TO SUBRCUTINE TRANSFER TO SUBROUTINE TRANSFER TO SUBROUTINE
PLOT} PRINT . PRINT
1,1,0.,XK¢,SET1,SBT2, STORB(1,1) ,STORB(1,2) ,IT1,1,1HX 486,980,8,0,15,D 20,244,0,18,32,C

(=]

- REPEAT TO 20 TRANSFER TO SUBROUTINE
FOR LABELX CONTINUE I—-—-)lm:xz-x }-—%
Jiz1,i+l, ..., 0K 1,1,0
/
REPEAT TO 30 TRANSFER TO SUBROUTINE I 30 ]
FOR PRINT FIX=PIX+FITZ cmrmEJ-——a
I21,141,...,9 50, IFIX,8,0,6 ,BCI4K1)

R

E

TRANSFER TO SUBROQUTINE TRANSFER TO SUBROUTINE TRANSFER '10 SJBRQITPIF T
Fitsy DMPBUF u

0 0,0,5,3 R
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SUBRGUTINE FPRNTX 1)

COMPUTED GO TO
1IF THE VAR TRANSFER
OoF  JswlH 0
is STATEMENT
1 80
2 100
3 90
4 120
S 20
6 130
7 180
8 140
9 150
-w BT o 150 100
PéTNm:“;‘,’;”’(;,":‘ :; :;g WRITE(g,101) ICOUNT, XJ , XMEX H
13 90
14 180
15 90
16 190
17 20
13 200
19 90
20 210
2 90
22 220
23 90
24 190
25 30
26 110

110 IT'

G0 TO 90 WRI'IE(s,ul))(JHGOT‘Ogol WRITE(g,121IXJ, XN I-—)[comgo]

GO TO
137

YES

T TO 139 78
R K3=K2+1 HKS.GT.NQ NQ

K2=1,1+2,...

REPEA

WRITE(6,131)T0
»NQ

—)I WRITHE(E,136)(K1,K2,PEP(K],K2) ,K1,K3,DEPIKE ,K3) ,Ki=1,ND H GO TO 139 I
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137 | 139 |
WRITB(8,138)(K1,K2,DEP(K1,K2) ,K1=1,N) l———tmﬂnw l——)[co TO 90 I

G0 TO
90

YE!
140 s

I 150 I
‘HWRI'IE(&,]MWIND I———)[;m 135 | I CONTINUE }——-}l J.NE. g |-NO WRITE(8, 151 )JKK,VIND }—-—)

360
NO3=NO-1 ] By p ) 1
NP=N-NOL WRITE WRITE(6,161) ICOUNT,NQy

I 170 l
——-tvmm‘(s_lsz)w,(m,DEPO(NP+K1),K1=1,N01) HEO TO 90 l WRITE(G, 171K, HIK) K=} ,NQ) ]-—A

17 180

5
81
anE(s.ne)HwH GO TO 90 I WRITE WRl’l‘B(s,lgl)Cl]-——)IGO 0 aoJ

WRITE(s, 131)CE

l 190 I
—"LNRH‘E‘G,IQUICQ}.\'T,(K.H(K),KH,NQ)H GO 1O goJ

I 210 l
——{Wl!l‘mts,z(u MSEP, ICQUNT H GO TO 190 I l CONTINGE

REPEAT ) 219
o
K2zt,1¢2,..

wRITE(G, 223)

LN
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K3=K2+1 WRITE(S,136) (K1 ,K2,R(K1,K2) ,K1,K3,A(K1,K3) ,K1=1,NO) I lm — I

217 219 229
WRITE(6,138) (K1,K2,A(K1,K2) ,K1=1,NQ) I-—;I CONTINUE ]-—)I GO TO 90 l |cou1-mua

G 10
221

AT
K3=K2+1 ‘-—3| K3.GT.%a |0

REPEAT TO 222
FOR

WRITE(g,230)

K2=1,1+2,...,NO

—-)l - ] A
WRITE(6,136)(K1,K2,A(K1,K2) ,K1,K3,A(K1,K3) ,K1=1,NQ) '__)IGO 10 222 l e

221 ]
IWRIE(G"“)‘K"KLA"“xKZ’»K1=1.”°’ H CONTINUE I—al GO TO 39 I
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SUBROUTINE F1
7

START /
PARAVETERN=8 ,KON=4
XNN= (WOGD-WOEDHT) #DSQRT( TY (7 )% 2. TY (8 %2)
PO ) =TY( 2)5k2/TY( 3) -GU/TY( 3) %k 2-THFTY( T ) /XNN
P(2)=-TY( 1 J¥TY( 2) /TY( 3) ~THKTY( 8) /XN

P(3)=TY())
P(4)=TY(2) /TY(3)

PU5)sCOCTY(2)34k2-2 DOFGI/TY( 3) RTY (7)) - CTY( DATY( 2)¥TY(8)) + (TY( 2)XTY(8) ) ) /( TY(
3)¥2)

p{g)=0.Do,
PCTY=TY(2)%TY(8) /TY( 3)-TY(5)

PR =2 .DOXTY( 2)XTY{7) +TY( 1 )XTY(3) -TY(§) ) /TY(3)

ZIDICHBDT

A-82




SUBROUTINE F2

FOR
21,141,...,N

_ [ ] [T ]
1TWO) H CONTINUE H CONTINUE

J=3

REPEAT TO 25

REPEAT TO 20 [ ]
FOR FOR A( l,K-):o.DoH CONTINUE H
I=1,1+31,...,N K=1,1+1,...,N

[ ]

CONTINUE R=5(3,J) A(1,8)=R3%5(7,J)%s5(3,)
R2=S(7,J)xk2+5(8, J)¥ek2 A1,2)=(2.Do*xs(2,N)/R : A(2,1)2-8(2,J)/R
R= (WOGD-WOEDXT) #DSQRT(R2) A(1,3)=(2 Do*GM/R-S( 2, 3 V%) /R%K2 A€2,2)=-8(1,J)/R
R3z=TH/(R*R2) Al1,7)=-R3%S(8, )%k A2,3)=2(8(1,01%8(2,J)) /R¥EZ

A(4,3)=-5(2,J) /R%¥k2
Alz,7)=R3¥5(7,J)%5(8, ) Ats,1)=-(8(2, H)%5(8,d) ) /RERe
Al2,8)=-R3ES(T, Ixkz A5, 2)=02.D0%5(2, 014807, 3-S50y , D #S(a, J) +5(g ,3)) /RERZ
A‘(“3-‘_=‘- 0 ACS,3)=((8 DOFGA/R-2 .DO%S( 2, J) 452157 , J) o2 .D0%S( 2, I #C SC 1, J)1%SC 3, JI =56, )11/
4,2):1.D0/R g
A€5,6)=5(2,J) /R¥x2 A(7,3)=2-(802,0)%5(3,J)) /R¥%2
A(5,7)=(S(2,J)4k2-2 DOFGW/R) /R*%2 A(7,5)=-1.Dp
Al5,3)=-(S(1,J)%S(2,J)) /R*¥2

A(7,8)=S8(2,J)/R
Al7,2)=8(3,)/R Alg,1)=S(3,J)/R

Alg,2)=-(2,D0%S(7,J1) /R

l 30 l
A(B,3)2€2 . Do%*S(2, 1) ST, 3-8 1, )%8(8,J) +3(6,J) ) /R%* | | P N
A8, 6)2-1.00/R ———;lA 4,8)=8(1,0) RI-——alm rivew
Alg,7)1=-(2.Do*5(2,5)) /R
re
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P(1)=0.Do

REPEAT TO 35
FOR
Jz1,1+8,...,N

|

{ 40 |

PUD=PU D) LALT, DFTY(D) HSNTINLB

CONTINUE
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START.

PARAMETERN=8 ,NQz4 ,KONz4
PARAMETERNQ1 =NQ-1

SUBROUTINE F3

REPEAT TO 10
FOR
321,141,801

(o]

H(J)=DEP(J, 1) -XF(J) ]——-—a

‘ CONTINUE
H(NQ)=DEP(g 1) -XF(NQ)

ZRICHED !
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SUBROUTINE Fi

74

/ T

| PARVETERN=8 ,NQ=4 ,KON=4
PARAMETERNQ) =NO-1

8(1,4)20.00 |— cavrive |—

REPEAT TO 10
FOR

J=1,1+1,..,,N I=1,1+1,...,NQ

| 20 l

B¢ l)lmBDO A( NBQ()4 'Ysl:l:(l .Dlo B,1) REPEAT To 60 REPEAT 70 50
1,1)=1. 1,0 R 1 2% ———al NQ)=YPR(g, [28,1)

B(2,2)=1.Dp A(2,NQ)=YPR(2, 128,1) Al4.ND=YPRA6, [28,1 o.M 51,1000 Non

B(3,3)=1.Do AC3,N0V=YPR(3,128,1)

| 40 | I so | I oo

REPEAT TO 40

A1, r=0.Do FOR AL IACT, )BT KHDEPK, L) Hcmrmua H CONTINUE H"“‘T‘ij‘—"
=d el K=1,1+1,...,N

ZIC-EARR
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SUBROUTINE 5

lsrAnrH PARAMETERNS3=2 READ(S, 2)BCD

ZDCH4mD
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SUBROUTINE Fg

WRITE(§ ,60 ) METHOD

WRITE (6, 1 200 SWCH
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COMPUTED GO TO

IP THE VALLE  TRANSFER 320 |
oF KEY 0 ‘ e
1 swmee
1 310 —
2 320
3 330

WRITE(g,150)C,DEL Hoo TO 340 l

COMPUTED GO TO
1P mE VAL mavsrer | L33 |
oF IFL 0 , 331
—1&&\0(5.240)&1,&2,1& ‘——) 3. STATSET WRITE(g,161)FL1,FL2 HGO O 340 |
2 332
3 333
A a4

332
WRITE(6,162)FL) ,FL2 HGO TO0 340 |

333

} WRITE(6,163)FL1,FL2 HGO TO 340 I

GO TO
345

e e R &
[
WRITE(6,164)FL1,FL2 ]—alcmrwue H HMAX Q.0 | READ(3, 210 HAM

345
CONTINUE
WRITE( g , 170 MHMIX q(x"_K(‘N —
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REPEAT TO 350
FOR
I=1,1+1,...,KON

WRITE(8,130)NK mots,zao)rmm,ow(ﬂﬁ

I 350 | | 00 |
¥ WRITE(6 , 135) PLACE,CON( 1) HC‘M"‘EH CONTINUE |-—)I

WRITE(S,165)

A-90



SUBRCUTINE Fv

1002

[ paraverenys,No- RBPEAT TO 25 . N\ 25
‘ PARVETERNPAN-NG. DEP(J, 1)=DEPO(D) | FoR
VIND=TO =1, m,.... $(J,1)=DEPOLJ) JAY=2,2+1, . ..,NQ

I 25 |
—{DBNJ,JAY):o.oDo H CONTINUE

FOR
1=2,2+1,...,NQ

I e L
DEP(J, D=1 .0Dp

2BCARD
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SUBROUTINE INTEG

1]

Y.

Vs

PARAMETERN=8 INDI=) IERRCT=1 13B=4 REPEAT TO 35 -
DELT=STEP/ERR 14821 ILOC=1 VINDTy FOR Kane 1LOC
BQOL= . PALSE. IoNg=y T1B=2 J JKK=148, 14841, . . ., LTHL -
IKEY=1 1TWO=2 12823 LTHL=JERR ’ +1, ’
© 10 @ 10
10 15
YES I 10 I i 11 I

Vi
S

_{JM.G‘P.JERRI_NQ_{JIQ(.NB.A.AND_JKK.NE.': I—m—{.n(mamnam Hm . UJ

CONTINUE

CONTINUE

JKL=JKK~1

ITT=9

J=M0D(JKL, 1PLTY }

TRANSFER TO SUBROQUTINE

G0 TO
15

/é{as

TRANSFER TO SUBROUTINE

IKEY .EQ. 2

INTRKS

FPLEW IPRO.LE .0 l—ﬂﬂ-—)[ J=MOD( JKL., 1PROY FPRNT CONTINUE
TP 1T
@ T G0 10 G0 TO GO0 10
20 40 30 25
} YES ) YES YES YES
TRANSFER TO SUBROUTINE BOOL,

JKK . FQ. LTHL I_s.o_{maacr.so. IERR l.m_;l IERRCT= IEARCTs 1 ]__%

—{oms] (™

[ ]

NSFER TO SUBROUTINI
ABM

45

GO TO

GO TO
35

YE:

AT
S 1
H,ﬂz_v.ﬂ__{xs.w.o.wxw

AE
S
_DELT !.mq

800L= . TS,

DELT=XN

IKEY=}

[= ]

TERRCT=

12B=128-1

[ ]

IKRY=2
DELT=S TP
1484
128=3

‘—eLl:mt,:('rg-vum/m-:xxrn_ono*mm]———,{m ™35 l




"
EN [ ] P
CONTINUE | T

CONTINUE KzB=128 v
i R

N
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SUBROUTINE INTRKS

REPEAT TO 10
| PARAMETERN=8 ,NO=4 | XNz=VIND | FOR X1PCJ)=0.0D0
Ns=NQ JAY=1,141,...,NS 18AV= INDI J21,1+1,...,8 .

G0 TO
17

YE!

el _ w1 _AF :

DBWAR(J;;?EP(J‘JAY) * CONTINUE l a‘ JAY NE_1 Fm_)(musmn Tg SUBROUTINE G0 TO 1ﬂ {(Xm'lmal 3
=1 1

GO 10
30

YES
" y [s ] A REPEAT TO 20 [ ]
TRANSFER “;gs‘m("mﬂ——-i CONTINUE Hls«w.m.ﬂ.m_al 18av=2 FOR YPRUJ, 4, JAYI=PLI) }———a

Jz1,141,...,N

[0 ]

NU=NU+1
XN=VIND+P1 (NUYHDELT

REPEAT TO 35
FOR
J=t,1+1,...,N

REPEAT TO 50
FoR
Jz1, 141, ...,N

I 50 I
——1£BPVAR(J):DEP(J,JAY)&P[(.‘JUHOEL'I*P(JHE T 15]

REPEAT TO 60
For DEP(J, JAY ) =DEP(J, JAY ) +DELTRXIP( D) l———,

[ 60 ]
—{mpv.\m D=DEPCJ, JAY)J—)
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[ es | [T |
S(J, FTWO)=DEPVAR(J) l-—)l 0 1O 15] Icowrmus H

REPEAT TO 85
FOR

TRANSFER TO" SUBROUTINE

F1 J21,101,.. 0
G0 710 g 10
76 90
YES Ns
[ ] 3 REPEAT 10 80
TRANSFER TO SUBROUTINE BOOL CONTINUE H IERRCT.NE. IERR
F2 :

- INDI=2 ] 1onez11W0
u——)‘vpa(J,lzB,JAY)_p(J) I——a VINDox WO 1S3V

oo ]
[[e0 ] CONTINUE

1SAv=IONE

A-95



SUBROUTINE ITER

PARAMETERN=8 ,NQ=4
| PARAMETERNG] =NO-1 ,NP=N-NO+1
TR=TFHIND

REPEAT TO 30
FOR

i=1,1+1,...,NO1

AN

,

J=NPa1

| DEPO(J)zDEPO(J) H( 1) |

A-96
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SUBROUTINE MINVDP(A,N,K,X,J2,12)

e 1o
-]
M=N REPEAT TO 5 REPEAT 10 3
12(1)=0 BIGA=0.0D0 I=1,1+1,...,M 13=1,1¢1,...,14
J2(1)=0

“8
3
ua
3

REPEAT T0 4 REpeAT 10 2 AR [ l AR
-Jz(la)H CONTINGE Hflm-masmu ) I__,
=1, 101, 1321, 1+1,...
V v

+
G0 TO G0 TO
2 4

3 5
aianoapsac, |t

At CONTINUE I20L)=1)
‘:i:‘: CONTINUE J2(Lr=dy DIv=ACy, )

_ ‘ CONTINUE ‘
——{A(h,J)_A(ll,J)/Dlvl—; ACLL, 91221 ,0D0/DIV

REPEAT TO 11
FOR
Iz1,1+1,...,M
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1

| 10 | I u

1

REPEAT TO 14
FOR

IA(I,J):A(l,J)-A(l[,J)*A(l,J)) CONTINUE CONTINUE
I=1,141,...,M
*
GO 10
13
I 13 l | IET 15| azmrmm REPEAT'!‘Ole
‘-—-*;(l.Jl):-A(X,Jl)*A(I],,Jl) cmTINuE CONTINUE
- =1, 101, . | =1, 1#1,..."

>_

13=12(1)
J1=d2¢1)
X(IP=AI, D

REPEAT T0 17
FOR

I=1,1+1,...,

[ 1 |

([ 1s |

M

ACLI=X(D CONTINUE

CONTINUE

RBPEAT TO 21
: i=1, l*l. .oy

NS

REPEAT ™ 19

=1 lfl.....

>_A

11=12(0)
J1zdz2(P
X(11)zAC1,J1)

REPEAT TO 20
FOR

J=1,1+1,...

M

ACY,J)=X(J)

[ 2 |

[ 2 |

CONTINUE

CONTINUE

“RBRCHDRD

zZIC-@nA
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SUARCUTINE MLTPLY

REPEAT 1O 10 — REPEAT O 10
IsrAm' l——al PARAMETERNQ=4 FOR FoR B(1,J)20.0D0 FoR
fzi,1¢1,.,.,NQ Jzi,1+1,...,NQ AR

K=21,121,...,N0

@ TO
35

[0 ] AR
-

BOI,J)=B(1,J)A(K, D*A(K,J) FoR B(I,1) .GT.BETA M BvAX=0.0D0
- I=1,1+1,...,NQ

REPEAT TO 30
FoR

COMPUTED GO TO .
NO IF THE VALUE TRANSFER
I 30 I : I l OfF IFL TO

35
——)lﬂ(h.b’ .Gr.a%x—'.xﬂs.)l BMAX=B(L, L) CONTINUE |———)[a( 1, 1)=BAx l———)l CONTINUE |—ﬁ Is STATSENT

30
150
150

LY

[[s0]

BCI,D=BCI, D FLIBI, D |———-—)[Go T 3oo]

| 85 I
B(l,n:su,n.mgl———a

I=1,1+1,...,NO

] A A ‘
150 s
L——)l GO TO 300 l [Ama:nl*(mx/mxx)**n,z }—-——)‘ ALPHA LT.0.0D0 I_IF-:% ALPHA=0 . 0D0 ALPHA [ GT.FL} l-m-gl“ ALPHA=FLY

GO TO
180

160
BCE, DzBOL, D ALPHARR( L, 1) H(‘O ™ 300 l

REPEAT TO 160
FOR
I=1,1+1,..

REPEAT TO 135
FOR
T=i,t+1,..

.,NQ )

133

—49(],[):“”,])0.!(?&-{\}——9
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REPEAT 7O 310
FOR

I=4,1e8,...,50

REPEAT TO 310

JJI=1,1¢1,...,NQ

310

FOR

D1 =DI D) AL, 1)AC(H

REPEAT TO 330
FOR

I=1,1+1,...,N0

REPEAT TO 330
FOR

Jzi,141,...,N0

AL D=BULD

ZBCWBD
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_ 4. SAMPLE INPUT
TIME In DAYS
CONTROL ANGLE TN DFGRFFS
N0 120
i.0 NeN
w1} U
-N, 494844K1 =] N7ARKANLE
00 O RITTZ7oR
1.523679 0.n
U0 3 31IUBAR™
Ne3 =0ni Os1 =N E
pd 25 BB} 1 1
GRAVITATIONAL CONSTANT 1.0
INITIAL MASS Yy
MASS FLOW RATFE 0.7Q8q03°1 =NNj
FTHRUST e THTT] 2TIRY
Ne0 1.0
TeU tall
"100 Oon
= GIUBELUHT =1 D 7BER7PH
N.0 N«R1012778
T-523679 ™0
N0 3.310486R
med : d LEAD § 051 =TyITS
2 25 -5 s 2 1
: s LTy
GRAVITATIONAL CONSTANT 1eN
T INITIATMASS SRR
MASS FLOW RATF N 74ANQROY =Ny
THRUST a0 onY
n.O 1.0
1+ 0 IR
=1e0 0«0
=y OBy st b SAMIS: o] -Y-da)
Ne0 NeBINI272R
1+523679 i R
0.0 3,X100885
3 Ak SR I § st w R
2 25 5 5 3 1
2t - r-d AL %
GRAVITATIONAL CONSTANT 1.0
— T IALMASS 11
MASS FLOW RATE 0,748N0%01 -NNJ
—HRUS T+ 1 2 ORe
0.0 1.0
10 6
"100 0.0
- FOSETHEOR wiy REIRGT=2
NeN D.RINI272R
1523679 -6
Ns0" 3.310u4865
5 g Ot st = R
2 25 5 5 3 1
Fa Rl 25 %
GRAVITATIONAL CONSTANT 1.0
— NI AL MASS . 6
MASS FLOW RATE 0.74800391 -nn1
e PR S 4812865
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[

A_W‘a ';”6'" R N.R1INj2728
— 15238679 NaeN

N0
0.3

=0n}i

3, 3104865
Dol

«NK

2
220

25 5

5

x

f"

GRAVITATIONAL CONSTANT
INITIAL MASS

e i N
€ o je
> DD

MASS FLOW RATE

T

HRUST

0, 74800301
De1401 2040

=NN1

SRR T

A-102




[ S5 o

-~ Ut

e

FixOy
THE
T
Trik. ACCUR
Trit NUMISE
EVERY

EV

i

ORAVIT
INITILIA
MASS F
THRUST

5. SAMPLE OUTPUT

METHOD OF PERTURBATION FUNCTIONS

TwO=POINT BOUNDARY VALUE PROBLEM

INITIAL VALUE OF THE DEPENDENT VARIABLES

»0000U00u00000U0D 2 +1000000000000000+001
«1000U000600000200+001 4 +0000000000000000
-.1000000000000000+001 6 «0000000000000000

=, 4946446U99999999+000 8 ~+1078562500000000+001

DESIRED VALUES OF THE TERMINAL VARIABLES

.0000000uU00D000000 2 «8101272799999999+000
. 1523679300000000+001 4 +0000000000000000
THE INITIAL TIME INTERVAL
.0000000000000000 /  TO «3319486499999999+001
INTEGRATION STEP SIZE IS »3000000006000000-001
He MAXIMUM NUMBER OF ITERATIONS ALLOWED IS 25
ACY REGQUIRED FOR TERMINATION I5 «1500000000006000=005
R OF ITERATIONS WITH THE ADAMS-MOULTON CORRECTOR IS 2

5Tt POINT WILL BE PLOTTED FOR EACH STH ITERATION

ExY 0TA POINT wiki. RE PRINTED ON EACH ITERATION
PRINT CONTROL SWITCH = 1 :
.PUNCH CONTROL SWITCH = O
NORMAL CORRECTION PROCEDURE
SPECIAL INPUT CONSTANTS AND THEIR IDENTIFICATIONS

AT1ONAL CONSTANT .1000000000000000+001
L MASS .1000000000000000+001
LOW RATE . 7480039100000000=001

«1401296900000000+000
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FivmE AT ThE COMMENCEMENT OF FORWARD INTEGRATION IS
<1170

AP

O ~0 O &

RGN e

~©

o

C ~NCUE B

b s b e e b b e

(R REORCRCRERSRSY

 GEGIHNNING THE

1 TH ITERATION

ELAPSED TIME WAS

.00000000600000000
+10000000000060000+001
»10006000000000000+001
-0000U00000000000
-,1000000000000000+001
«0000000V000000000
= 4948446099999999+000
=+1078562500000000+001

.0000000000000000
.0000300000000000
wUYou00000000000C0
«000000000000000¢0
.0000000000000000
.0000000000000000
»1000000000000000+001
.00006000000000000

THE DEPENDENT VARIABLES AT TIME =

PN NFOU N

NN FOGIND

THE UEPENDENT VARIABLES AT TIME =

e e ol el el ol

08 OF OF i O G

»1340051529213354=006

W B101273411074560+000

21523679074695318+001

2 2490447285702952+001
- 7118565185737861+000

»0000U0000000000¢

P THBUZ2T70194006434+000
= b 74 203751794457+0G0

H

¢52727199043123624+001
. 6285599236809059+0G0
483:814651829563+001
s 1U934602419523064001
2 3005228841106784+001
- 00000K00000000000
-.3009761305147651+001
-,1533775869407431+001

N ENN -

O ~NONFON -

ELAPSED TIME WAS

[ASEAVIRAVIN \VI \C IR \ VI A VI AV )

FEEFEFEFEF

S I AVIAVE VI VIRV AVIEAY

FEEFEEEFEEFEEFE

~ AT COMPLETION OF FORWARD INTEGRATION IS
2.4050

«1170

.0000000006000000

+0000000000000000
«0000000000000000
»0000000000000000
«0000000000000000
+00000000600000000
«1000000000000000+001
«0000000000000000
«0000000000000000

«0000000000000000
«0000000000000000
.0000000000000000
«0000000000000000
«0000000000000000
»0000000000000000
«0000000000000000
«10000000000060000+001

. 3319436499999999+001

-¢1394670731000021+001
~+1863971775431036+001
«2795203649501503+000
-.1981448782912016+001
«4169080799384614+001
«1000000000000000+001
-+3860097934044046+001

0 7973314319544971+001

»2390304718702410+001
. 1344724990351260+001
«1272919107827973+001
. 1455845270113698+001
»2039032539623578+000
»0000000000000000

~.5954886874401262+000

-+3954961594593700+001

205220

THE TERMINAL CONSTRAINT VECTOR

«13400U51529213354=006
s TH09531817377861=007

A-104
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THE 1iORt OF THE TERMINAL CONSTRAINTS

°:6110745605792528=007
«0000000000000000

.1651390103895012-006



THE CORRECTIONS AT THE 1 TH ITERATION

o

«4263213842357138=025 2 =+3051449300367758-008
K] = 4709508566341746=007 k4 «3835757786522355=-007

sk kKol Rk Rk Rk kkk CONVERGENCE HAS BEEN ACHEIVED ok okiokdkokk

THE FINAL TIME IS 2.6470'
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METHOD OF PERTURBATION FUNCTIONS

TW0o~POIT BOUNDARY VALUE PROBLEM

INITIAL VALUE OF THE DEPENDENT VARIABLES

i »0000000000000000 e »1400000000000000+001
9 »1000000000000000+001 4 «00000000000600000
= ~.1000000000000000+001 6 +0000000000000000
7 - 494 8446099999999+000 8 =-.1078562500000000+001
OESIRED VALUES OF THE TERMINAL VARIABLES
i »00006G0000000000C 2 +8101272799999999+000
3 »1523679000000000+001 4 »0000000000000000
THE INITIAL TIME INTERVAL 7
Fix0 .0000000000000000 / TO +3319486499999999+001
rHE INTEGRATION STEP SIZE IS «3000000000000000-001
THE MAXIMUM NUMBER OF ITERATIONS ALLOWED IS 25
THZ ACCURACY Rt&UIRED'FOR TERMINATION IS «1600000000000000-005
Trie NUMBER OF ITERATIONS WITH THE ADAMS~MOULTON CORRECTOR IS 2

EVERY 5TH POINT wllL BE PLOTTED FOR EACH S5TH ITERATION

EVERY OTH POINT wILL 8E PRINTED ON EACH ITERATION
PRINT CONTROL SWITCH = 1
PUNCH4 CONTROL SWITCH = O

FRACT1ONAL CORRECTION PROCEDURE
C = $5000000000000000+000 DEL = »1000000000000000+000

4 SPECIAL INPUT CORSTANTS AND THEIR IDENTIFICATIONS

GRAVITATIONAL CONSTANT »1000000000000000+001
INITIAL MASS »1000000000000000+001
MASS FLUW RATE »7480039100000000=001
THRUST +1401296900000000+000
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TIME AT THE COMMENCEMENT OF FORWARD INTEGRATION IS

SEGINNING THE

1 TH ITERATION

.1170

ELAPSED TIME WAS 21170
_THE DEPENDENT VARIABLES AT TIME = .0000000000000000
1 1 »0000000000000000 1 2 »0000000000000000
2 1 »10060000600000000+001 2 2 »0000000000000000
3 «1000000000000000+001 3 2 .0000000000000000
4 1 .0000000600000000 , 4 2. .0000000000000000
5 1 -,1000000000000000+001 5 2 «0000000000000000
6 1 .0000000000000000 6 2 +1000000000000000+001
7 1 - 494 8H46099999999+000 7 2 .0000000000006000
g 1 -.1078562500000000+001 8 2 »0000000000000000
1" 3 «000000000000000¢0 1 4 «00000000060000000
2 3 .0000000000000000 2 4 .0000000000000000
3 3 +00000000000000G00Q 3 4 »0000000000000000
4 3 «000000000000000¢ 4 oy .0000000000000000
5 3 «0000000000000000 5 4 .0000000000000000
6 3 «0000600000000000¢0 6 4 »0000000000000000
7 3 »1000000000000000+001 7 4 .0000000000000000
3 3 »000000000000000¢ 8 4 »1000000000000000+001
THE VDEPENDENT VARIABLES AT TIME = +3319486499999999+001
11 e 1340051529213354=-006 1 2 =-,1394670731000021+001
2 1 «8101273411074560+000 2 2 -,1863971775431036+001
3 1 «1523679074695318+001 3 2 «2795203649501503+000
4 1 . 2490447285702952+001 4 2 -,1981448782912016+001
3 1 -.7118565185737861+000 5 2 «4169080799384614+001
o 1 .0000000000000000 6 2 +1000000000000000+001
7 1 ¢ 7584227019400643+000 7 2 - 3860097934044046+001
5 1 - 6742203751794457+000 8 2 0 7973314319544971+001
1 3 5272719904312362+001 1 4 22390304718702410+001
2 3 - 5285599236809059+000 2 4 2 1344724990351260+001
3 3 ,4B32814651829563+001 3 4 01272919107827973+001
t 3 . 1493460241952366+001 b oy «1455845270113698+001
5 3 .30052286841106784+001 S 4 «2039032539623578+000
6 3 .0000000000000000 6 4 .0000000000000000
7 3 -,3009761305147651+001 7 4 -,5954886874401262+000
6 3 -o15337756869407431+001 8 4 =, 3954961594593700+001
TIME AT COMPLETION OF FORWARD INTEGRATION IS 2.5160
ELLAPSED TIME WAS 2.3990
THE TERMINAL CONSTRAINT VECTOR
i »10400651529213354=006 2 «6110745605792528=007
3 « TL69531817377861=-007 4 .0000000000000000

THE NORM OF THE TERMINAL CONSTRAINTS
A-107
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THE A MAT

~.1394670731000021+001
=.18639717754310364001
«2795203649501503+000
«1000000000000000+001

ESN ST\
ol
£ 0N

«2390304718702410+001
« 1344724990351260+001
»1272919107827973+001
»0000000000000000

WOl Ol U

+ P
EaR® BIVE

THE FRACTIONAL CORRECTION CONSTANT
THIS IS THE 1 TH ATTEMPT TO CORRE
THE CORRECTIONS AT THE

1 0 2131606921178569=025
3 ~ e 2354 TSL283170873-007

R kkkkckkkokorkkkkk CONVERGERCE HaS BEE

THE FINAL TIME IS5

A-108

RIX

25272719904312362+001
+8285599236809059+000
4832814651829563+001
-»0000000000000000

AV AP VIV

-s1393234470670404+000
«1238553480234650+000
+1340051529213354~006
«0000000000000000

EEFE

»5000000000000000+000
CT FROM THE 1 TH ITERATION
1 TH ITERATION

2 -.1525724650183879-008
4 .1917878893261177-007

N ACHEIVED skkkkkskkokykkkk®kkk

2.,6840



METHOD OF PERTURBATION FUNCTIONS

Ta0=POINT BOUNDARY VALUE PROBLEM

INITIAL VALUE OF THE DEPENDENT VARIABLES

1 . U00000000000000¢ 2 «1000000000000000+001

3 ,1000000000000000+001 4 »0000000000000000

5 -.1000000000000000+001 6 «0000000000000000

7 - HIUEHLHU999993994+000 8 -+1378562500000000+001

DESIRED VALUES OF THE TERMINAL VARIABLES
1 +.U000000000000000 2 +8101272799999999+000
3 +1522679000000000+001 4 »0000000000000000
THE INITIAL TIME INTERVAL
FROM .000000000000000p / TO »3319486499999999+001
THE INTEGRATION STEP SIZE 1S .3000000000000000~001
THE MAXIMUM NUMBER OF ITERATIONS ALLOWED IS 25

THE ACCURACY REWUIRED FOR TERMIMATION IS .1000000000000000-005
THAE NUMGER GF ITERATIONS WITH THE ADAMS=MOULTON CORRECTOR IS 2

EVERY 5Th POINT WILL BE PLOTTED FOR EACH 5TH ITERATION

CVERY OTH POINT WwILL BE PRINTED ON EACH ITERATION
PRINT CONTROL SWITCH = 1
PUNCH CONTROL SWITCH = O

MINIMUM NORM CORRECTION PROCEDJRE

. VARIABLE ALPHA PROCEDURE
ALPHA = .2000000000000000+001 P = .2000000000000000+001

4 SPECIAL INPUT CONSTANTS AND THEIR IDENTIFICATIONS

GRAVITATIONAL CONSTANT «10000000060000000+001
INITIAL MASS «+10000000000060000+001
MASS FLOW RATE «7480039100000000-001
THRUST +1401296900000000+000
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™

U

= o~ C

O~NC U ELNME T ~NO U & G b

C~C U F anh»

HAEGINNING THE

ELAPSEDR TIME WAS

1 TH ITERATION |
VLME AT THE COMMENCEMENT OF FORWARD INTEGRATION IS .1230

ELAPSED TIME WAS 21230
THE DEPENDENT VARIABLES AT TIME = »0000000000000000
1 .0000000000000000 1 2 .0000000000000000
1 «1000000000000G00+001 2 2 .00000600000000000
1 .1000000000000000+001 3 2 »0300000000000000
1 .U000000000000000 4 2 »0000000000000000
1 =,10000000000000006+001 5 2 «0000000000000000
1 .6000000000000000 6 2 «1000000000000000+001
1 - 494 6446099999999+ 000 7 2 .00000000000006000
1 -.,10785625000000004001 8 2 .0000000000000000
3 .0000600000000000 1 4 «0000000000000000
3 .0000000000000000 2 4 .0000000060000000
3 .000000000N0V0N00 3 4 »0000000000000000
3 »0000000000000000 4 4 .0000000000000000
3 ., 0000000000000000 5 4 .0000000000000000
3 U000000000000000 6 4 .0000000000000000
3 .1000000000000900+901 7 4 »0000000000000000
3 .0000000000000000 8 4 .1000000000000000+001
TelE DEPENDENT VARIABLES AT TIME ¢ 33194864999999994+001
1 «1340051529213354-006 1 2 -.1394670731000021+001
1 «B101273411074560+000 2 2 -.1863971775431036+001
1 21523679074695318+001 3 2 0 2795203649501503+000
1 S 2490447285702952+4001 4 2 -.1981448782912016+001
1 =, 711685651857373614000 5 2 «4169080799384614+001
1 .000006000000000600 6 2 «1000000000000000+001
1 e 75842270194 005643+000 7 2 - 3360097934044046+001
1 = 6742203751794457+000 8 2 0 7973314319544971+001
3 2 5272719904312362+001 1 4 0 2390304718702410+001
3 +8285599236809059+000 2 4 »1344724990351260+001
3 c4832314651829563+001 3 4 «1272919107827973+001
3 P 14934602641952366+001 4 4 ¢ 1455845270113698+001
3 2 3005228841106784+001 5 4 . 2039032539623578+000
3 »00000U00000000000 6 4 .0000000000000000
3 -, 3009761505147651+001 7 4 -.5954886874401262+000
3 -,1533775869407431+001 8 4 -+3954961594593700+001
AT COMPLETION OF FORWARD INTEGRATION IS 2.5240

2.4010

THE TERMINAL CONSTRAINT VECTOR

e 1540051529213354=0006
2 7469531817377861=007

IHE wORM OF THE TERMINAL CONSTRAINTS
A-110

«6110745605792528=007
.0000000000000000

21651390103895012-006



THE A MATRIX

11 -,1394670731000021+001 1 2 0 5272719904312362+001
e 1 =.1863971775431036+001 2 2 «8285599236809059+000
31 «2795203649501503+000 3 2 4832814651829563+001
% 1 .1000000000000000+001 4 2 +0000000000000000

i 3 »2390304718702410+001 1 4 -e1393234470670404+000
2 3 «1344724990351260+001 2 4 +1238553480234650+000
3 3 .1272919107827973+001 3 4 «1340051529213354~006
4 3 .0000000000000000 4y «0000000600U0000000

THE A%*A MATRIX
T 1 . 1949288658580058+002 1 2 =.7547250320084354+001
2 1 =+ 7547250320084354+4001 2 2 «1555325525862011+003
3 1 -.5484410643504918+001 3 2 +1986937461795605+002
4 1 -.3655250172832569-001 4 2 ~-e6319912871599335+000
i 3 T=,5434410643504918+001 1 4 -.3655250172832569=001
e 3 . 1986937461795605+002 2 4 -+6319912871599335+000
3 3 2TH2649500899931+4002 3 4 -, 1664739406967066+000
4 3 -, 1664739406967066+000 4 4 +1042535104100221+000
Tht CORRECTIONS AT THE 1 TH ITERATION
1 «5079297568059467-008 2 -.4921214232811461-008
3 -.1239660938720785=-007 m «6004170665702625=007

* kKRR Rk kkkkk CONVERGENCE HAS BEEN ACHEIVED AR KKK KRRk

THE FINAL TIME IS 2,7360
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METHOD OF PERTURBATION FUNCTIONS

TWwO=POI#T BOUNDARY VALUE PROBLEM

IHITIAL VALUE OF THE DEPENDENT VARIABLES

1 .0000000000000000 2 .1000000000000000+001
> .1006000000000300+001 4 .0000000000000000
5 -,1000000000000000+001 6 .00000000000600000
7 -+3958745279999999+000 8 -.8628515199999999+000
DESIRED VALUES OF THE TERMINAL VARIABLES
1 .0000000000000300 2 .8101272799999999+000
5 .1523679000000000+001 4 .00000000000006000
THE INITIAL TIME INTERVAL
F st .0006000000000000 /  TO *3319486499999999+001
THE INTEGRATLION STEP SIZE IS +3000000000000000=001
THe MAXIMUM NUMBER OF ITERATIONS ALLOWED IS 25
Tt ACCURACY REQUIRED FOR TERMINATION IS .10000000G0000000-005
THE NUMsER OF ITERATIONS WITH THE ADAMS=MOULTON CORRECTOR 15 2

EVERY 5T POINT wILL BE PLOTTED FOR EACH 5TH ITERATION
cVERY 0TH POINT wILL SE PRINTED ON EACH ITERATION

PRINT CONTROL SWITCH

it

1

PUNCH CONTROL SWITCH 0
MINIMUM NORM CORRECTION PROCEDURE

VARIASLE ALPHA PROCEDURE
ALPHA = ., 20600000000000G0+001 P = .2000000000000000+001

4 SPECIAL INPUT CONSTANTS AND THEIR IDENTIFICATIONS

GRAVITATIONAL CONSTANT +1000000000000000+001
INITIAL MASS +1000000000000000+001
MASS FLOW RATE «7480039100000000-001
THRUST «1401296900000000+000
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SEGINNING THE

eLAPSED TIME WAS

B E 1 TH ITERATION '
TiME AT THE COMMENCEMENT OF FORWARD INTEGRATION IS <1240

ELAPSED TIME WwAS +1240 ~
THE DEPENDENT VARIABLES AT TIME = .00000000000060000
1 .0000000000000000 1 2 «0000000000000000
1 .1000000000000000+001 2 2 +0000000000000000
1 .1000000000000000+001 3 2 »0000000000000000
1 ~ +0000000000000000 4 2 +0000000000000000
1 -.1000000000000000+001 5 2 «0000000000000000
1 .00006000600000000 6 2 »1000000000000000+001
1 -,.3958745279999999+000 7 2 +0000000000000000
1 -,8628515199999999+000 8 2 .0000000000000000
3 .00000000600000000 1 4 .0000000000000000
3 .0000000000000000 2 4 .0000000000000000
3 .U0006000000000000 3 4 .0000000000000000
3 .0000000000000000 4 y +»0000000000000000
3 .0000000000000000 5 4 «0000000000000000
3 ~+0000000000000000 - 6 4 «0000000000000000
3 .10000000600000000+001 7 4 «00000060000000000
3 .0000000000000000 8 4 «1000000000000000+001
THE DEPENDEMT VARIABLES AT TIME 2 3319486499999999+001
1 «4393133799683166+000 1 2 «5699911572726967+000
1 «9030159840681569+000 2 2 -.2769863623328869+000
1 . 1826985034993032+001 3 2 «1035177230850690+001
1 ¢ 2695180469031795+001 4 2 =.6300583362142748+000
1 -.5862242216022068+000 5 2 «3273930891986523+001
1 .0000000000000000 6 2 +1000000000000000+001
1 e 3672794036554 746+000 7 2 -,2814215594421436+001
1 -,1435088556299252+001 8 2 «7048535636381724+001
3 ,9208285722259291+000 1 4 +13378589(32226654+000
3 =-,12925967875074944000 2 4 01341257999600308+000
'3 «89339337581390381+000 3 4 -, 24U45348688635943+000
3 2 2245413927907733+000 4 4 «3775375111605853+000
3 ¢ 7301358683896568+000 5 4 -, 2421948794618864+000
3 .000000000000000¢0 6 4 +0000000000000000
3 -,2067285202548250+001 7 4 -,6984550113388558+000
3 -.2502866970053362+000 8 4 -+ 2668997681268256+001
T AT COMPLETION OF FORWARD INTEGRATION IS 25240

2.4000

THE TERMINAL CONSTRAINT VECTOR

L4393133799683166+000
. 3033060349930329+000

ThHE HNORM OF THE TERMINAL CONSTRAINTS

+9288870406815695-~001
+00030000000000000

. 54158663193314779+000
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THE A MATRIX

«5699911572726967+000
~.2769663023328369+000
«1035177230850690+001
.1000000000000000+001

«1337858902226054+000
¢ 1341257999600308+000

- 2445348688635943+000
. 0000000000000000

FE OGN

+F O =

£ +£FF

[V \VI \V IV

THE AxA MATRIX

s 7TU419609790677531+001
« 1485487794988623+001
-, 21l40311714277347+000
«D2218632338627916+000

=e214U311714277047+G00
-.1126u90201041422+000

«2870570901831736+000
-.9688065147137300~001

THE CORRECTIONS AT THE

~.4221201814654489-001
=+1259252058014515+000

A-114

FON -

ol € AV

1

2
4

[ASIR AV AV IR AV ]

&£ £ F

TH

+9208285722259291+000
-+1292596787507494+000

«89339337681390381+000

.0000000000000000

+1005183228839424+000

-+3654140383864541-001
2 4393133799683166+000
- 0000000000000000

+1485487794988623+001
«4988355156243217+001
-+1126090201041422+000
«4897631584566236+000

+5221832338627916+000
4397631384566236+000

~-.9888065147137800-001

«6133063597472582+000

ITERATION

-.1052090398174694+000
~e1840721347124976+000



BEGINNING THE 2 TH ITERATION

TIME AT ThnE CUMMENCEMENT OF FORWARD INTEGRATION IS 2,7350
ELAPSED TIME wAS 2110
THE LDEPENDENT VARIABLES AT TIME = .0000000000000000
11 - 000060600000000900 1 2 +0000000000000000
2 1 »10000000000000300+001 2 2 «0000000000000000
3 1 »1000000000000300+4001 3 2 «0000000000000000
4 1 .0000U0000000000GY . 4 2 «+00000000000006000
5 1 =.1000000000000000+001 5 2 2 0000000000000000
o 1 ~.4221201814654489-001 6 2 +10000000000006000+001
71 -,9010835678174694+000 7 2 »0000000000000000
s 1 =.9887747258014515+000 8 2 .0000000000000000
1 3 »U000000000000000 i1 q +0000000060000000
< 3 »000000000000030¢ 2 4 »0000000000000000
3 3 .0000000000000009 3 4 +0000000000000000
4 3 «400000000000000¢ 4 4 «0000000000000000
5 3 «0000000000000000 5 4 «+0000000000000000
& 3 -00000006000000UG 6 4 «0000000000000000
7 3 »1000000000000000+001 7 4 +00000000060000000
6 3 .00000600000000000 8 4 +1000000000000000+001
THE vEPENDENT VARIABLES AT TIME = «3135414365287502+001
i 1 «1994873188021790+000 1 2 «1238421621978655+000
2 1 «9020494976662636+000 2 2 = 5080784428607843+000
o 1 «1574107834433610+001 3 2 «8475395073996991+000
1 02535181753024635+001 4 2 -.8509029900726967+000
o> 1 - 8326715153627686+000 5 2 «4002854537931061+001
o 1 -.4221201814654489-001 6 2 +10000000600000000+001
1 «7990421600745388+000 7 2 -+3324284777156963+001
G 1 ~+1125205657676754+001 8 2 «6745501161216616+001
L 3 «3032372083904383+001 1 4 +8555863550487180+000
£ 3 =,1148433650501800-001 2 4 «3660847515889093+000
3 3 22893751399111466+001 3 4 02953189656545785+000
+ 3 «6201444967761286+000 b 4 «6114530187334158+000
v 3 $2249893120068476+001 5 4 =.1508538684731704+000
o 3 .G000L00000000000D 6 4 »0000000000000000
7 3 =.2719017398540971+001 7 4 =.5020126380482614+000
g 3 - SU472558769528791+000 8 4 =+3216695622133141+001
TiME AT COMPLETION OF FORWARD INTEGRATION IS 5.0620
ELAPSED TIME wWAS 2.3270
THE TERMINAL CONSTRAINT VECTOR
L 2199u873188021790+000 2 09192221766626364=001
V] «5HUH2883443361056=001 1 = 4221201814654489-001
THE nwORM OF THE TERMINAL CONSTRAINTS 0 2292810639409694+000
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THE A MATRIX

«1238421621978655+000
~+5080784428607843+000
+B47H395073996991+000
»1006G000000000000+001

2 8555363350487180+000
S JH6LBLTH15883093+000
«2953189656545785+000
»G0000U0000000000Q

THE AxA MATRIX

«2705032179369647+001
«2833939094608047+001
+1702523818136407+000
. 1522509551337057+000

»1702523813136807+000
0 I4U4B31547342279+001
»1294003974565704+001
«7799198582874405-001

F WD =

FOIN =

F O -

F OGN =

[AV IS AV LV FEE L [ASIAVIE AV Y

FFE £ F

«3032372083904383+001

=+1148433650501800-001

+2893751399111466+001
+0000000000000000

«7349727471776571-002
« 3494073635183525-001
+1994873188021790+000
»0000000000000000

»2833939094608047+4001
«2586042090763186+002
« 3444831547342279+001
»5991525451245235+000

«1522309551337057+000
»5991525451245235+000
0 7799198582874405-001
«5577649987030418-001

THE CORRECTIONS AT THE 2 TH ITERATION

» 5340495839818058-001
=.1291077692269256+000

A-116
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4

-¢1692635058238253-001
«6950028160102317=-002



SEGINNING THE 3 TH ITERATION

TIME AT THE COMMENCEMENT OF FORWARD INTEGRATION IS 5.,2720
ELAPSED TIME WAS 2100
THE UEPENDENT VARIABLES AT TIME = .0000000000000000
L1 «000000000000000( 1 2 .0000000000000000
2 1 .1000000000000000+001 2 2 .0000000000006060600
5 1 .1000000000000000+001 3 2 .0000000000000000
4 1 ,0000000000000660 T .0000000000000000
5 1 -.10000000000000060+001 5 2 .0000000000000000
o 1 - . 6807059748364503=002 6 2 .10000000000000060+001
71 -,5180099183998519+000 7 2 .0000000000000000
6 1 -.1117682495028377+001 8 2 .0000000000000000
103 .0000000000000000 1 4 .0000000000000000
2 3 .0000000000000000 2 4 .0000000000000000
5 3 .0000G000600000000 3 4 .00000000000600000
4 3 .0000000000000000 4 4 .0000000000000000
5 3 .0000000000000000 5 4 .0000000000060000
o 3 .0000000000000000 6 4 .0000000000000000
7 3 .1000000000000000+001 7 4 +0000000000000000
5 3 .000000000000000¢0 8 4 1000000060000000+001
THE DEPENDENT VARIABLES AT TIME = +3142364393447604+001
1 1 =.,9231252372457258-001 1 2  =.1315202793544773-002
2 1 . 7314536006146396+000 2 2 ~.,2156658372477752+001
5 1 < 1438023206640970+001 3 2 «1248192371447132+001
w1 <2342897200439062+001 4 2 -.1493078999043401+001
5 1 =, 7278964 344283306+000 5 2 .5136398369717176+001
6 1 -, 8807059748364503=002 6 2 »1000000000000000+001
71 .T665687371058279+000 7 2  -.4524380985158326+001
3 1 -, 4156486732513994+000 8 2 +6792843686655758+001
13 <2506134205966545+001 1 4 . 6042705845667370+000
£ 3 <7048112314969139+000 2 4 +1377479392436861+001
303 <2229557687920515+001 3 4 ~.1614446324458156+000
b 3 < 7633571644328466+000 4 4 +9159246240451239+000
5 3 .1183326975107175+001 5 4  =,9616730132444799+000
6 3 .0006000000000000 6 4 +00000000000006000
7 3  -.1576450945521766+001 7 4 «5337697539689575+000
5 3  ~-,1588649034731688+001 8 4  =,3584841440136115+001
TIME AT CONMPLETION OF FORWARD INTEGRATION IS 7.6000
ELAPSED TIME WAS 243280
THE TERMINAL CONSTRAINT VECTOR
L ~.9231252372457258~001 2 -.7867367938536031=001
o - 6565579335902925-001 Y «28807059748364503-002
THE wWURM OF THE TERMINAL CONSTRAINTS . 1487468624939908+000
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THE A MATRIX

=s1315202793544773-002

-,2156658372477752+001
+1248192371447132+001
»10006000000000000+4001

«6042705845667373+000

2 13774793924363861+001
-e1614446324458156+000

»00006000000000000

THE aAxA MATRIX

«8295652050709499+001
0 1259581149225245+001
-.3173061161605356+001
= 4044467306499074+000

-, 3173061161605356+001
2 21265045483144164+001
- 2033579644812991+001
.35160168689965522-001

FON F OO - F OGN

O

& e E

SR ACI AV

[\ AV A VIR V]

4
4
4
4

22508134205968545+001
2 7048112314969139+000
+2229557687920515+001
»0000000000000000

-.27256268931284872+000
.1342731987234617+000

-.9231252372457256=001
.0000000000000000

»1259581149225245+001
+1353053245803726+002
«2126504548314416+001
-, 7948031539454608+000

= . 4044467306499074+000

= 7948031539454608+000

«3916018689905522-001
+1160392091104279+000

THE CORRECTIONS AT THE 3 TH ITERATION

0 3977544980233116-002
«3768103143842494-001

A-118
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4

+2975532391312685~001
«1231594694984688-001
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BEGINNING THE

4 TH ITERATIOW

TIME AT THE COMMENCEMENT OF FORWARD INTEGRATION IS 7.8080
ELAPSED TIME WAS .2080
THE DEPENDENT VARIABLES AT TIME = »0000000000000000
11 »000000000000000¢ 1 2 .0000000000000000
e 1 .1000000000000000+001 2 2 »0000000000000000
5 1 .1000660000600000060+001 3 2 . 0000000000000000
4 1 - .0000000000000000 4 2 .0000000000000000
5 1 -.1000000000000000+001 5 2 .0000000000600000
1 - 4829514768131386=-002 6 2 »10006000000000000+001
1 - 4882545944867250+000 7 2 .0000000000000000
1 -,1080200863589952+001 8 2 .0000000000000000
3 .0000000000000000 1 4 .0000000000000000
3 ,0000000600000000 2 4 .0000000000000000
3 .0000000000000000 3 4 .0000000000000000
3 .0000000000000000 4 4 .0000000000000000
3 .0000000000000000 5 4 .0000000000000000
3 .0000000000000000 6 4 .0000000000000000
3 ,1000000000000000+001 7 4 .0000000000000000
3 .0000000000000000 8 4 .1000000000000000+001
THE DEPENDENT VARIABLES AT TIME = +3154680340397451+001
1 .6284025235808488~001 i 2 -,1522378532924491+001
1 +65065984615459050+000 2 2 -,1859759822469675+001
1 . 1547885248260215+001 3 2 »5999994284889531=001
1 L2422309454630739+001 4 2 -+1938868204806252+001
1 =-,6799926099886249+000 5 2 «3670345759321230+001
1 -, 43829514768131386~002 6 2 +1000000000000000+001 -
1 »0976232172234834+000 7 2 -.3598155401678205+001
1 =.5879696425191652+000 8 2 «7106255401576260+001
1 3 .6126851133969627+001 1 4 . 2765968068571844+001
c 3 «1422977616154302+001 2 4 ¢1522782491203944+001
373 «5040184459718744+001 3 4 0 1509379884454352+001
4 3 «2133002943092935+001 4 y 21630356379138410+001
5 3 . 2850514465236823+001 5 4 +3152149329089573+000
o 3 .0000000000000000 6 4 +0000000000000000
7 3 -, 3047106528487672+001 7 4 =+5566577814574003+000
9 3 -.2091187503760970+0u1 8 4 -+3856906853806662+001
TIimE AT COMPLETION OF FORWARD INTEGRATION IS 10,1470

ELAPSED TIME WAS 2.3390
THE TERMINAL CONSTRAINT VECTOR

i . 6284025235808489-001 2
3  2420624826021514=001 4

=0 3528818454094940-~002
=, 4829514768131386~002

[HE ~ORM OF THE TERMINAL CONSTRAINTS
A-119

»6760633508659172=001
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THE A MATRIX

=e1522578532924491+001
=.1859759822469675+001
«5999994284889531-001
«1000000000000000+001

»2765968068571844+001
«1522782491203944+001
+1509379884454352+001
«0000000000000000

THE A*A MATRIX

«0991022708145193+001
«s1167137246004586+002
-.6952297399045237+001

«5386714739458759=001

=.09522973599045237+001
«2672111303414698+002
+1262897983452051+002
-.1547841868332113+000

THE COURRECTIONS AT THE 4 TH

H164955715104852~003

~.a5819312914163%6-002

A-120

FOUN FUN e FUN P

FON =

2
4

+FFF

AV \VE AV

IAVELVR AV Y

.
-

£ FF

+6126851133969627+001
1422977616154302+001
<5040184459718744+001
.6000000000000000

-.1372973751262878+000
.8545288415985267-001
.6284025235808489-001
.0000000000000000

-.1167137246004586+002
«6698923323225061+002
.2672111303414698+002

-.4028765737082296+000

«5386714739458759-001
-.4028765737082296+000

-.1547841868332113+000

+3103881589858251~001

ITERATION

-+5544137570013910-~002

«1541133933505249+000
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BEGINNING THE

ELAPSED TIME WAS

o - 5 TH ITERATION o
TiME AT THE COMMENCEMENT OF FORWARD INTEGRATION IS 10.3560

ELAPSED TIME WAS 22090
~ THE DEPENDENT VARIABLES AT TIME = +0000000000000000 =

1 .00000000000000600 i 2 «6000006000000G000

1 »100000000006000004001 2 2 +0000000000000000

1 »1000000000000000+001 3 2 .0000000000000000

1 +000000000000000¢ 4 2 +0000000000000000

1 -,1000000000000000+001 " 5 2 . 00000600000000000

1 =.4413019196620901=002 6 2 +10000000006000004001
1 =, 4937987320567389+000 7 2 »0000000000000000

1 -,1082582804881368+001 8 2 «0000000000000000

3 .000G00000000000¢0 1 4 »0000000000000000

3 .0000000000000000 2 4 +0000000000000000

3 .000600000000000¢ 3 4 «0000000000000000

3 .0000000000000000 4 4 +0000000000000000

3 .0000000000000000 5 4 «00060000000006000

3 .0000000000000000 6 4 «0000000000000000

3 +1000000000000000+001 7 4 «0000000000000000

3 .00006000000000000 8 4 +1000000000000000+001
THE OEPENDENT VARIABLES AT TIME +3308793733747976+001

i T 35435370 768858T4-002 1 2 -+1391361569232885+001
1 <8124370545538605+000 2 2 -.1810006433295714+001
1 ¢ 1522414831387861+001 3 2 «2458130897395349+000
1 «2489156105214893+001 4 2 -.1943279055614225+001
1 -, 7255672257196072+000 5 2 4136001262217634+001
1 - 4413019196620901~002 6 2 +1000000000000000+001
1 ,7708253439118593+000 7 2 =,33228179500986701+001
1 -.6863372913144886+000 8 2 «7928616315944276+001
3 +5294724581476790+001 i 4 02390195774391711+001
3 . 86260307928105425+000 2 4 «1315786340494376+001
3 JU48344425666756858+001 3 4 «1285830362747110+001
3 1511415215861273+001 4 4 «1443059629132175+001
3 »3069594460230455+001 5 4 v2317318704508106+000
3 .000600000000060060 6 u «0000000000000000

3 -,3053186685582263+001 7 4 -, 6148470479626041+000
3 -, 1554060932460036+001 8 4 =+ 3947065906590448+001
TIME AT COMPLETION OF FORWARD INTEGRATION IS 12.7950

2.4390

THE TERMINAL CONSTRAINT VECTOR

0 5543537076885874-~002
~.1264168612138140-002

THE ORM OF THE TERMINAL CONSTRAINTS
A-121

0 23090774553860570=002

=e4413019196620901=002
:6242161021199833-002
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THE A MATRIX

-,1391361569232885+001
-,18106006433295714+001
«2458130897395349+000
.1000000000000000+001

«2390195774391711+001
+1315786540494376+001
«1285830362747110+001
«0000000000000000

THE A%A MATRIX

$6274099140418095+001
= 7672628086944041+001
-.5391134350221134+001
=.2926583153602419=-001

-,5391134350221134+001
. 1995858139441027+002
«21001038639538404001

-, 1623874722258897+000

FUN = F OGN F OGN =

FON =

FEFEE

[V S AV AN

v N

EFEFEE

«5294724581476790+001
«8260307928105425+000
4834442566675688+001
.0000000000000000

=.1369738866755262+000

«1219427048335951+000
«3543537076885874=002
«0000000000000000

~-.7673628086944041+001

.5210209488959550+002
.1995858139441027+002

=.6073795491690776+000

=.2926583053602419~001
=.6073795491690776+000
~e1623874722258897+000

«3365335508086855-001

THE CORRECTIONS AT THE 5 TH ITERATION

4 382799879546237~002
+3909715075967291-002

A-122

2
4

~+1006996231750214=-002

+1008890832527561~001
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THE DEPENDENT VARIABLES AT TIME @
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SRRV RORECRONE N

TiME

BEGINNING THE

' THE DEPENDENT VARIABLES AT TIME

- .0000000000000000

»1000000000000000+4001
»1000000000000000+001
»00000000600000000

-,1000000000000000+001 "

~+3021931707466411=-004
-, 4948057282884892+000
»1078673089805401+001

»0000000000000000
.0000000000000000
.00000600000000000
.0000000000000000
+000000000000000¢
.G000000000000000
+1000000000000000+001
.0000000000000000

-,1643661890425153=-004

«8100067134705156+000
$1523717810411174+001
«2490402217852378+001
~-,7118873438209103+000
-.3021931707466411-004
« 758486T7497044465+000

-, 6740805432377951+000

<5270784715397122+001
.8289105287211714+000
L4830785318752025+001
. 1493350177371745+001
. 3003787193476435+001
.0000000000000000
-.3008948286699502+001
~.1534050720025032+001

AT COMPLETION OF FORWARD INTEGRATION I5
ELAPSED TIME wAS

OO FE OGN BNOAEGN DN FGRN -

DOD~NONFEGN =

..=0000000000000000

DB VIRAS VIV \ VIR AV b FEFEFEEFEFEF [ASIEASEAVE VIS IV D AV

FEEFFFFEF

y . 5 6 TH ITERATION
TIME AT THE COMMENCEMENT OF FORWARD INTEGRATION IS
ELAPSED TIME WAS

13,0050

.2100

.0000000000000000
«0000000000000000
«0000000000000000
+0000000000000000
.0000000000000000
»1000000600000000+001
.0000000000000000
+0000000000000000

+00000000000060000
+0000000000000000
+0000000000000000
.0000000000000000
.0000000000000000
+0000000000000000
»0000000000000000

+1006000000000000+001

¢3319482642073252+001

=-.1394502866172372+001

-+1864483536570655+001
«2797642048738974+000
=-«1981509606264765+001
«4169192442773725+001
+1000000000000G000+001

~.3860524782276137+001

«7973318897854506+001

.2389616139440934+001
»1345030337553331+001
<1272258642729933+001
1455784106726813+001
«2034101626281530+000
.0000000000000000

~.5950162772538181+000

-+ 3955084250825209+001

15,4430

224380

THE TERMINAL CONSTRAINT VECTOR

=, 1643661890425153=~004

$3881041117436215=004

THE WORM OF THE TERMINAL CONSTRAINTS
A-123

= 6056652948429989-004
=e3021931707466411=004

0 1973657927675546=004



LN IR

G B

o N

+ e

[ T

OGOl

THE A MATRIX

=.1394502866172372+001
=, 1864483536570655+001
«2797042048738974+000
.1000000000000000+001

2236901613944 0934+001
«1345U30337553331+001
«1272258642729933+001
.00060000000000000

THE A%A MATRIX

«6499205393697581+001
- 7544133613072361+001
~.5484181043481116+001
-,36523013781075893~001

-, 5484181u48481116+001
«1985007u40463404+002
£ 9138014352558944+001

-+ 1665472390193257+000

FON FUuNn e FON

£ O =

LAVIAV I AP I £ F £ F [AVIR\V I\ VIV

& & £ F

+5270784715397122+001
.8289105287211714+000
- 4630785318752025+001
.0000000000000000

-+1393948583534474+000
.1238439172982659+000

-,1643661890425153~004
.0000000000000000

- 7544133613072361+001
«5180475322008156+002
«1985607040463404+002

~.63214416356249838+000

~.3652301373107893~-001
=.6321441636249838+000
-.1065472890193257+000

«3476824416303780~001

THe CORRECTIONS AT THE © TH ITERATION

+3021919026750394~004
«1105287276712826-003

A-124

2
4

-+ 3889340044863507~-004

«3910861120734608-005



G ~NC U E G N

O ~NC UG E GNP

N0 U # N

G ~NQ U E GNP

BEGINNING THE

ELAPSED TIME WAS

7 TH ITERATION -
TIME AT THE COMMENCEMENT OF FORWARD INTEGRATION IS 15,6530

ELAPSED TIME WAS #2100
- THE DEPENDENT VARIABLES AT TIME »0000000000000000
i .0000000000000000 1 2 .0000000000000000
1 .1000000000000000+001 2 2 «0000000600000000
1 «1000000000000000+001 3 2 +0000000000000000
1 .0000U0000D000000 4 2 «0000000000000000
| -.1000000000000000+001 " s 2 +0000000000000000
i =, 1268071601735065-009 6 2 +1000000000000000+001
1 -, 4948446216889378+000 7 2 »0000000000000000
1 ~-.1076562561077730+001 8 2 .0000000000000000
3 .0000G000000006000 1 4 »00000000000006000
3 .0000000000000000 2 4 .0000000000000000
3 .000000000000000¢ 3 4 «0000000000000000
3 «0000000000000000 4 4 +0000000000000000
3 .0000000000000000 5 4 «0000000000000000
3 .0000000000000000 6 4 «0000000000000000
3 «1000000000000000+001 7 4 .0000000000000000
'3 .0000000000000000 8 4 »1006000000000000+001
THE UEPENDENT VARIABLES AT TIME «3319486552934372+001
1 -, 8080414465471319=007 1 2 -, 1394668860772473+001
1 W8101272560754422+000 2 2 ~-,1863972791396285+001
1 «1523678940437577+001 3 2 22795225540555539+000
1 2490447207725215+001 4 2 -.1981448756683368+001
1 -, 7118565780011420+000 5 2 «4169083082093652+001
1 =.1266071601735065=009 6 2 »1000000000000000+001
1 « 7584227926670698+000 7 2 -,3860099736361985+001
1 =,6742201594092333+000 8 2 2 7973314682733444+001
3 «5272713802641023+001 1 4 02390301516658150+001
3 +8285595237660352+000 2 4 #134472533u681354+001
3 48328000484852044001 3 & +1272915975232330+001
3 «1493458489199005+001 4 4 «1455844626959524+001
3 0 3005225572023532+001 5 4 »2039010833442484+000
3 .0000000000000000 6 4 .0000000000000000
3 =, 5009758737085179+001 7 4 =,5954870203627850+000
3 =-¢1533775374965061+001 8 4 ~+3954961637140963+001
AT COMPLETION OF FORWARD INTEGRATION IS 18,0910

2.4380

THE TERMINAL CONSTRAINT VECTOR

~ e BUBOH14U654T1319-007

=, 5956242241783593~007

FHE NORM OF THE TERMINAL CONSTRAINTS
A-125

=-22392455772642215-007
=-+1268071601735065-009

+1031958938142468=006



THE A MATRIX

i1 -+ 1394668360772473+001 1 2 .5272713802641023+001
2 1 ~,1863972791396285+001 2 2 .8285595237660352+000
301 «2795225540555539+000 3 2 »4832809048485204+001
6 1 .1000000000000000+001 4 2 .0000000000000000
L3 <2390501516658155+001 1 4 =.1393236032160158+000
< 3 1344 725334681354+001 2 4 «1238554324718680+000
5 3 . 1272915975232330+001 3 4 =.8080414465471319-007
4 3 .6000000000000000 4 4 .0000000000000000
THE A*A MATRIX

i1 L64976286565002606+001 1 2 =.7547223032165429+001
2 1 - 7547223032165429+001 2 2 +5184406502810879+002
o 1 - 54B4401604392589+001 3 2 . 1986932062532108+002
41 ~.3655288780476607-001 4 2 =,6319922780770420+000
L3 -.5484401304392589+001 1 4  -.3555288780476607=001
03 . 1986932062532106+002 2 4  =.6319922780770420+000
5 3  9142142646274473+001 3 4 -.1664739850475708+000
4 3 —.1664739350475708+000 4 4 «3475123456589633-001

i
K]

THE CORRECTIONS AT THE 7

«1268071601740951-009
»1398768757996405-007

2
i

TH ITERATION

«8633038132783541~008
-+ 1454648348999221-007

FkFkpokkkRkkkkkkkx CONVERGENCE HAS BEEN ACHEIVED T

THE FINAL TIME IS 18,3019

A-126



METHOU OF PERTURBATION FUNCTIONS

TwWO=-POINT BOUNDARY VALUE PROBLEM

INITIAL VALUE OF THE DEPENDENT VARIABLES

»1000000000000000+001

1 .000000000000000¢ 2

3 «1000000000000000+001 4 +0000000000000000

5 -.1000000000000000+001 - 6 +0000000000000000

7 -+3958745279999999+000 8 -,8628515199999999+000

DESIRED VALUES OF THE TERMINAL VARIABLES
i .6000000000000000 2 ¢8101272799999999+000
3 «1523679000000000+001 4 +0000000000000000
THE INITIAL TIME INTERVAL
FROM .0000000000000000 / T0 +3319486499999999+001
THE INTEGRATION STEP SIZE 1S +3000000000000000~001
THE MAXIMUM NUMEER OF ITERATIONS ALLOWED IS 25

THE ACCURACY REGQUIRED FOR TERMINATION IS +1000000000000000-005
THe NUMHER OF ITERATIONS WITH THE ADAMS-MOULTON CORRECTOR 1S 2

EVERY 5TH POINT WILL BE PLOTTED FOR EACH 5TH ITERATION
EVERY  OTH POINT wILL BE PRINTED ON EACH ITERATION

PRINT CONTROL SWITCH 0

PUNCH CONTROL SWITCH 0

MINIMUM NORM CORRECTION PROCEDURE

VARIABLE ALPHA PROCEDURE
ALPHA = .2000000000000000+001 P = «2000000000000000+001

4 SPECIAL INPUT CONSTANTS AND THEIR IDENTIFICATIONS

GRAVITATIONAL CONSTANT »1000000000000000+001
INITIAL MASS .1000000000000000+001
MASS FLOW RATE +7480039100000000-001
THRUST »1401296900000000+000

A-127



1 TH ITERATION
DISPLAYING FINAL TIME AND THE LAST 3 DEPENDENT VARIABLES

TF = 0 3319486499999999+001
1 »6400000000000000 2 -+ 3958745279999999+000
3 = 8628515199999999+000
THE WORM OF THE TERMINAL CONSTRAINTS «SU18663193314779+000

2 TH ITERATION
ULSPLAYING FINAL TIME AND THE LAST ~ 3 DEPENDENT VARIABLES

TF e »3135414365287502+001
1 =e42212u18140654489-001 2 =+50108356786174694+000
o =.9887747258014515+000
THE «URM OF THE TERMINAL CONSTRAINTS +2292810639409694+000

3 TH ITERATION
DISPLAYING FINAL TIME AND THE LAST 3 DEPENDENT VARIABLES

IF = « 3142364393447604+001
L =~ &BIT059748364503-002 ‘ 2 ~-+5180099183998519+000
2 ~e1117862495028377+001
THE wURM OF TrHE TERMINAL CONSTRAINTS »1487468624939908+000

4 TH ITERATION
UISPLAYING FINAL TIME AND THE LAST 3 DEPENDENT VARIABLES

TF = «3154680340397451+001
i “.4529514768131386-002 2 -.4882545944867250+000
3 ~+1U80200863589952+001 A
THE wORM OF THE TERMINAL CONSTRAINTS . 6760633508659172-001

5 TH ITERATION
DISPLAYING FINAL TIWE AND THE LAST 3 DEPENDENT VARIABLES

TF = »3308793733747976+001

1 = 4413019196620941-002 2 -+4937987320567389+000
3 -.1082582804881368+001

THE wORM OF THE TERMINAL CONSTRAINTS .6242161021199833~002

& TH ITERATION .
UISPLAYING FINAL TIME AND THE LAST 3 DEPENDENT VARIABLES

TF = °3319482642073252+001
1 =:30219317u7466411-004 z =, 4048057282884892+000
o] =« 1U78673089805401+001
IHE 1i0RM OF THZ TERMINAL CONSTRAINTS 0 1973657927675546~-004

7 TH ITERATION o
JLSPLAYING FINAL TIME AND THE LAST 3 DEPENDENT VARIABLES
A-128

|



TF = .3319486552934372+001 S

1 =,1268071601735065-009 2 = HOUBLLU6216889378+000

3 -.1078562561077730+001

T 7 TTHE NORM OF THE TERMINAL CONSTRAINTS =~ .1031958938142468-006

| Rokorokkkakdokkkk CONVERGENCE HAS BEEN ACHEIVED sksdkdickskikkrkkkik

A-129



Appendix B

BRACHISTOCHRONE
EXAMPLE



1. FORMULATION

The brachistochrone problem is stated as follows:
Determine the control history 6(t) such that a
particle falling from Xos Vg to X, Vg under the
influence of a constant gravitational force g will
do so in a minimum time.

The differential equationhs of motion are

o
il
[¢je]
\<
t
)
n
=
=
D

. . e ° 1
where a is a constant Yo - T and v = (x2 + y?2) 2

When the optimization process is applied, the control
angle © 1is eliminated from the above equations and two
additional equations are required to be satisfied
(Euler-Lagrange equations). Hence, the nonlinear two-

point boundary value problem may be summarized as:

The differential equations for Fl are

5, = % = - Aa2g(y-a)
‘/ﬁ Y
Aov2g(y-a)

‘/A% + 2

iz = }'7 = -



. g W22+ a2

VZg(y-a)

where t = t_ t = te (unspecified)
x(t)) = 0 x(tg) = 5.0
y(to) = 1.0 y(tf) = 8.0
)
1 - V2g(y-a) Va2 +x§'t = 0

f

The perturbation equations for F2 are

) .
§z; = &x = Arg 8§z, - A2 ¥2g(y-a) Sz3

) ' 2 2
W2+ 22 V2g(y-a) (AT + A3)

A VZg(y—a)]Szu

(A2 + x%)%J




65, = &y = - { A2 g ]622+ [xlxz /zg(y;Z)}ZS
) .

A%+ a2 V2g(y-a 3+ ad)

- |—>\§ v2g(y-a) 1624

2 2. 92
(A1 + X2)
623 = 6X1 = 0
- [ 3 2 2 2
8§z, = Sy = - E% A3 *L{Iszz + [ A8 8§24
3
2g (y-a) 72 AZ + 22 V2g(y-a)

+ [ Arg 8z,
L/X% Y /?-g(y-a)




The terminal constraints for F3 are

=2
—
]

x(tf) - 5.0

=
N
L]

y(tg) - 8.0

hy = 1 - Vaf 23 2g(r-a) .,

The partial derivative of the terminal constraints
with respect to the dependent variables and the time rates
of change of the terminal constraints for F4 are

[ﬁb} = lo 1 o o
9z
D, D, D3 Dy

where

AT + .
D2 = - g __1___2\_2. = - Zh(tf)

éJ. (tf)

D, = - 22~ZE0-al = zp(ty)




and -
x(tg)

1'.1 = ;’(tf)




2. MODIFICATIONS FOR CUR SYSTEM
5J0B  LEC1SW S WILLIAMS LO9R56 EDO02 E131 7006 C 3

N HDG INPUT 10615,
! ASG P=10615
* XQT CUR
TRW P
IN P
TRI P
TOC
*T FORs* MAINeMAINsMAIN/B
=il
PARAMETER N=U,NQ=3+,KON=2»,NS3=2
*T FOR¢s%* ABAM+ABAM; ABAM/B
-2 2
PARAMETER N=4,NQ=3
*T FORs* CONVRG»CONVRGsCONVRG/B
=202
PARAMETER N=4,NO=3
'T FORs»* CRDPCH!»CRDPCH» CRDPCH/B
=202
PARAMETER N=u4
*T FORev*x FPLEWFPLEWFPLFW/R

=24
PARAMETER N=#sNQO=3rNS3=2» KONZ=2
DOUBLE PRECISION DEG
DATA DEG/57.2957795130823200/
-6lr62

X(1)=DEP(1+1)
Y(2)==DEP(2r1)
*T FORr* FPLOT+FPLOT+FPLOT/R
-202
PARAMETER NS3=2
'*T FORs* FPRNT»FPRNTFPRNT/R
-292
PARAMETER N=4» NQO=3
'T FOR»*x FleF1sF1/B

-y ?
PARAMETER N=u4,»KONZ=2
-5¢ 6
DOUBLE PRECISION WOED:WOGDsGM2AI»DSQRT
EQUIVALENCE (CON(1)+sGM)» (CON(2)2AI)
=919

WOED=DSART(2.D0*¥GM*x (TY(2)=AI))
WOGD=DSART(TY (3) *x2+TY (4) %x%x2)
P(l)==TY(3)xWOED/WOGD
P(2)==TY(4) xWOED/WOGD
P(3)=0,D0
P(4)= GM*WOGD/WOED

"T FORs* F2¢eF2:F2/B
=292

PARAMETER N=4,KON=2

=5¢7

DOUBLE PRECISION WOED WOGD»GMs AT DSQRT

EQUIVALENCE (COM(1),GM) (CON(2)AI)

DOUBLE PRECISION R!sR2:R3¢RY

=27:59

WOED=DSQRT(2.D0*¥GMx{S(2,J)=A1) )

WOGL=GART(S(3eJ) %%2+S (4, J) x%2)
RZWOED*%3
R2=WOGD**3

R3=G(3sJ) %%2

R4S (4o J) k%2

Al1,2)= =S(39J)*GM/ (WOEDRWOGN)

2

4020

4

B



Al1,3)==RYyxWOED/R2
AlLe)= S(4J) %S (32 J)XWOEN/R2
A(252)2 «S(4eJ)*GM/ (WOEDXWOGD)
A(2,3)= S(35J)%S(4sJ)%*WOED/R?2
A(2,4)= =R3*WOED/R2
Al4,2)= =GMXGMXWOGD/R
Al4y3)= S{3)J)*GM/ (WOGD*WOED)
AlLG,4)= S(G9J)*%xGM/ (WOGD*WOED)
'T FORsx F3rF3+F3/B
=202
PARAMETER N=U4»,NQ=3¢ KON=2
-15¢18
HO1L)=DEP(1s1)~=XF (1)
H(2)=DEP(2,1)~XF (2)
H{3)=0.D0
DO 20 I=1:NG1

HI3)=H(3)+YPR(I» 12B» 1) *DEP(NQL+Tr 1)

20 CONTINUE
H(3)=1.D0 +H(3)
'T FORv* FiyrFUFu/B
-2 2
PARAMETER N=U4/,NQ=3» KON=2
-23¢26
Bt1,1)=1,D0
~B(2y,2)=1.D0
B(3r2)==YPR(4I2B,1)
B(3¢3)= YPR(1,12B,1)
B(3r4)= YPR(2:128»1)
-30¢33
A(1/NQI=YPR(1r1I2Bs1)
A(2/NQ)=YPR(2¢12B¢1)
A(3'NQ)=0.D0
'T FORrx FS5'FS»F5/B
-212
PARAMETER NS3=2
'T FORv*x F6rF62F6/B
-dy 2
PARAMETER N=HNQ=3r»KON=2
'T FORex F7¢FT7:F7/B
=292
PARAMETER N=U4sNO=3
YT FORsx INTEG»INTEG» INTEG/SB
=212
PARAMETER N=4
'T FORv% INTRKS» INTRKS» INTRKS/H
-202
PARAMETER N=4/NO=3
*T FOR»* ITER»ITER,ITER/B
202
PARAMETER N=4+ NQ=3
'T FORrx MLTPLY MLTPLYMLTPLY/B
-2 2
PARAMETER NG=3
" XQT CUR
T0C
' XQT MAIN/R



X=DISPLACEMENT

Y=DISPLACEMENT
0.0 1.0
=3 0357353733314653 =,1726379971977703
5.0 8.0
0.0
0.0 «6076633560035577
0,006 0.0000000001
2 50 1 . 1 200 1 1 0 0
GRAVITATIONAL CONSTANT 32.1741
INITIAL CONSTANT De5

' EOF



METHOD OF PERTURBATION FUNCTIONS

TWO=POINT BOUNDARY VALUE PROBLEM
INITIAL VALUE OF THE DEPENDENT VARIABLES
1 - +00006000000000000 Fd »1000000000000000+001

39 =.3573537333146529-001 4 =.1726379971977703+000

DESIRED VALUES OF THE TERMINAL VARIABLES

i .5000000000000000+001 2 «8000000000000000+001
5 .0000600000000000
THE INITIAL TIME INTERVAL
FAROM :0000000000000006 /  To < 6076633560035576+000
THE INTEGRATION STEP SIZE IS .5999999999999999-(02

THe MAXIMUM NUMBER OF ITERATIONS ALLOWEL IS 50
THE ACCURACY REQUIRED FOR TERMINATION IS +1000000000000000-009
THE NUMBER OF ITERATIONS WITH THE ADAMS=-MOULTON CORRECTOR IS 2
EVERY "1TH POINT wILL BE PLOTTED FOR EACH 1TH ITERATION
EVERY 200TH POINT wILL RE PRINTED ON EACH ITERATION
PRINT CONTROL SWITCH = 1
PUNCH CONTROL SWITCH = 0
NORMAL CORRECTION PROCEDURE
2 SPECIAL INPUT CONSTANTS AND THEIR IDENTIFICATIONS

GRAVITATIONAL COUNSTANT +3217410000000000+002
INTTIAL CONSTANT »5000000000000000+000

B-9



SEGLIWNING THE 1 TH ITERATIO:H
(imE AT TriE COMMENCEMENT OF FORWARD INTEGRATIGN IS .0810
ELAPSED TIME wAS 0810

THE DEPENDENT VARIABLES AT TIME = »0000000000000000

+0000600000000000g

»1000000000000200+0ul
-, 3573537333146529-~001
~e1726379971977703+000

«0800000000000000
«0000000000000000
«1000000000000000+001
»0000000000000000

N
b b e
FON-
o oo

+00000000000000600
.0000000000000000
.0000000000000000
«1000000000000000+0U1

F e -
OO O

THE OEPENDENT VARIABLES AT TIME = «6076633560035576+000"

«4999999999999774+001
«5000000000000303+001
~-a3573537333146529-001
-.2819650908506611-001

~.9u64133566788512+002
«1148759769856110+003
+1000000000000000+001
=+6200888295657205+000

= O T
b b
O =
[AVIE AV IR\ AV ]

$1877417351888520+002
~.2379487288617123+002

.0000000000000000

+2918527621568634+000

£ i o
G OO

Time AT COMPLETION OF FORWARD INTEGRATION IS + 9530
ELAPSED TIME WAS 8720

THE TERMINAL CONSTRAINT VECTOR

i -+2251185349244622-012 2 2 3036321194471724~012
3 =.0320638457069034=-013

imE NORM OF THE TERMINAL CONSTRAINTS . 3832308257134548-012
Trik CORRECTIONS AT THE 1 TH ITERATION

1 ~e2170286656173745-015 2 01141735878249916-013
3 -.5163256476650848~015

Ok % ok okok R KK ok K Ok KK CONVERGENCE HAS BEEN ACHEIVED okckkkaokdokdkokokkkkk

THE FINAL TIME IS 1.1900
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NOTES
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NOTES (Concluded)
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